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ABSTRACT 
 
 
The unpredictability of the weather and the variability of preparedness and socio-
demographics among the general public contribute greatly to the overall resilience (or 
lack thereof) of communities, cities, and states.  Studies regarding singular hazards in 
singular locations throughout the United States and countries abroad have investigated 
perceptions of risk and resilience, yet such studies cannot comprehensively represent 
baseline perceptions of risk and resilience throughout the United States, as they only 
pertain to certain locations and populations. 
In this research study, I sought to investigate the public perception of natural 
hazard risk and resilience of four natural hazards commonly occurring in the United 
States:  earthquakes, floods, high winds (hurricanes and tornadoes) and wildfires.  While 
these hazards are often more prevalent in certain locations, their remains potential they 
will affect other locations as well.  To investigate, we constructed and implemented a 29-
question online survey, gathering a nationwide sample of 416 respondents through 
SurveyMonkey Audiences.   
Participants were asked a series of questions related to their knowledge of natural 
hazard risk for their primary residence.  Results indicate that there is significant 
misunderstanding among the general public relating to natural hazard risk—participants 
were significantly unaware of the multiple natural hazards that could affect them and 
often underestimated or overestimated their specific level of risk.  Additional survey 
questions inquired about: levels of preparedness; ease/difficulty in performing resilient 
actions; knowledge of residential mitigation measures and their added strength/weakness 
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to the building envelope; perceptions of community resilience; and open-ended questions 
examining each participant’s perception of resilience and the most effective action to be 
resilient. 
If the general public has incorrect perceptions of natural hazard risk and mediocre 
levels of preparedness, how can we improve upon their foundational knowledge and aim 
to increase their level of preparedness?  Hazards are always looming, but with a more 
aware and prepared population, we have a greater ability to weather the storm.  Through 
this research we are able to further build upon past hazard perception research, providing 
more current, potential solutions to target outreach and education. 
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CHAPTER ONE 
 
RESEARCH OVERVIEW 
 
 
Introduction 
The weather experienced every day is not controllable by humans and our 
individual or community-based decision making processes.  We have and will continue to 
experience natural meteorological and geological hazards (i.e. tornadoes, hurricanes, 
earthquakes) in varying frequencies and intensities, regardless of location within the 
United States.  However, the ability to lessen the impacts of natural hazards on the built 
environment and, therefore, everyday life, is a matter that may be improved upon through 
proactive decision-making with regards to mitigation. 
Following a natural hazard, the devastation and destruction of residential 
structures often is quite catastrophic.  From 1960 to 2011, economic losses from natural 
hazards in the United States totaled approximately 670.8 billion dollars ($2011).  
Monetarily, the most significant loss is associated with hurricanes, which makes up 26% 
of the total loss ($142 billion, $2011), with flooding as the next most significant cause of 
loss (18%, $97 billion ($2011) over that 51 year time period (Cutter and Emrich 2005).  
Further breakdown of losses (both economic and human) by hazard type may be found at 
the Spatial Hazard Events and Losses Database for the United States website 
(http://hvri.geog.sc.edu/SHELDUS/).   
Post-storm damage assessments have provided valuable information regarding 
residential and commercial structures and, as a result, the building industry has made 
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significant improvements in various areas; for example, acknowledging weakness in the 
building code during post-storm damage assessments and working to improve those 
weaknesses through more strict enforcement of the residential building code, or stronger 
provisions implemented within the residential building code (International Code Council 
2014).  The implementation of programs such as FORTIFIED, a residential homebuilding 
guide by the Insurance Institute for Building and Home Safety (IBHS), and Blueprint for 
Safety by the Federal Alliance for Safe Homes (FLASH) provides incentive for 
homeowners to retrofit their homes through potential reduction of insurance premiums. 
A review of the natural hazard literature, with respect to engineering and social 
sciences, provides evidence that there are ample numbers of research studies assessing 
the interaction of these natural and social systems; yet, after a natural disaster occurs we 
continue to be left with the same outcome—communities once again devastated by these 
forces of nature.  In the past, research studies have focused on natural hazard risk 
assessments, social vulnerability assessments and built environment risk assessments for 
populated areas (nationwide, state, county, etc.)—each individually when subjected to a 
potential natural hazard and also integrated together (Borden et al. 2007; Cutter et al. 
2003).   
Assessing natural hazards requires knowledge of the potential hazards for a 
specific geographical location, the risk—or probability of that specific hazard 
occurring—and the vulnerability of the geographical location (Cutter et al. 2003).  
Vulnerability is defined as “the susceptibility to harm from the risk posed by hazard 
events at a particular location as well as the potential for social disruption from such 
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events.” (Cutter et al. 2014; Mileti 1999; National Research Council 2006).  Conversely, 
for this study, resilience refers to the ability or capability, rather than the susceptibility, to 
respond to the events that occur following a hazard event or to not receive as much harm 
or disruption from a hazard event.   
However, a universal measurement of an individual’s resilience to natural hazards 
has yet to be generated.  We can see that measuring resiliency at nationwide, state, county 
and community levels provides valuable information for federal, state and local 
emergency management operations, and local and regional city planning—but the 
individuals whose actions (whether proactive, reactive, or non-active) ultimately impact 
whether a natural hazard becomes a natural disaster are not as privy to these sources of 
knowledge, which in turn may affect their overall perception of their natural hazard risk 
and resilience and the proactive measures they can take to mitigate impacts of natural 
hazards, both structurally and personally. 
Past studies related to perception of natural hazard risk have been conducted for 
specific perils; however, the multi-hazard comparison of perception of resilience and 
perception of natural hazard risk has not been extensively studied.  By looking at a 
nationwide sample, this study aimed to address these issues through investigation of the 
layperson’s perception of their resilience and risk to natural hazards, providing a unique 
comparison, acknowledging any trends or relationships that may surface.  
Existing Resilience Frameworks 
Multiple frameworks provide methods for measuring social vulnerability, 
community resilience, and overall resilience.  The Social Vulnerability Index (SoVI) is a 
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vulnerability index established by the Hazards & Vulnerability Research Institute at the 
University of South Carolina.  Through use of United States Census data, 32 initial 
factors are examined. These factors relate to the following categories:  socioeconomic 
status, gender, race and ethnicity, age, commercial and industrial development, 
employment loss, rural/urban, residential property, infrastructure and lifelines, renters, 
occupation, family structure, education, population growth, medical services, social 
dependence and special needs population. The SoVI utilized Principle Component 
Analysis (PCA) to determine the variables most representative of social vulnerability 
across the United States.  Forty-three variables were initially chosen from United States 
Census data, American Housing Survey and the American Community Survey.  Through 
PCA, 11 factors are chosen to comprise the index and are deemed representative of social 
vulnerability.  Replication of the SoVI is possible as it is determined using open data—
the United States Census. 
Baseline Resilience Indicators for Communities (BRIC) is a framework also 
established by the Hazards & Vulnerability Research Institute providing indicators that 
are representative of resiliency at a community level (Cutter et al. 2014), providing a 
composite index of community resilience.  These indicators range across the following 
areas:  social, economic, community capital, institutional, housing/infrastructural and 
environmental resilience. Data for BRIC is collected from 30 different sources (which are 
listed in Cutter et al. 2014).  Most of these sources are free or open data sources, allowing 
for replication of the indicator by interested entities. 
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The Department of Homeland Security piloted a program called Resilience 
STARTM, intent on the building and construction of homes that are more disaster resilient 
(IBHS 2013a).  Pilot homes for this program may be designated as Resilience STARTM 
homes (homes that have been built or retrofitted to “code-plus” standards) if they abide 
by the Insurance Institute for Business and Home Safety (IBHS) FORTIFIED HOMETM 
or FORTIFIED for Safer Living® “code-plus” standards (IBHS 2013b).       
During the past decade, the National Institute of Standards and Technology (NIST) is 
has worked to establish the Community Disaster Resilience Framework, a community 
resilience metric that is able to address the following research questions: 
1. “How can community leaders know how resilient their community is?” 
2. “And how can they know if their decisions and investments to improve resilience 
are making a significant difference?” 
Many approaches of measuring community resilience have been established, but 
according to the National Academies Committee on Increasing National Resilience to 
Hazards and Disasters and the Committee on Science, Engineering, and Public Policy 
none of those existing approaches addressed the research questions presented above, thus 
the necessity for the Community Disaster Resilience Framework emerged (NIST 2015). 
Over the past couple decades, resilience has become a prominent word in industry 
and academia, the research mentioned above only scratching at the surface; however, as a 
society the general public has struggled to put it into practice.  Studies related to water 
and energy usage have shown that the layperson’s perceptions are often inaccurate—for 
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example, overestimated consumption and savings for low-use behaviors and vice versa 
(Attari 2014; Attari et al. 2010).  It is hypothesized that similar results would occur when 
investigating the layperson’s perceptions of risk and resilience.  The general public may 
believe they are at little risk to a particular hazard because their location has not been 
impacted by that hazard in a long period of time.  Potential reasons for these inaccurate 
perceptions could also stem from having an incomplete understanding of individual 
resilience or risk to natural hazards, from receiving incorrect, misleading information, or 
perhaps from a minimal awareness of hazard preparedness and mitigation measures.  
Whatever the reasoning, struggling to take action and increase our resilience is a problem 
that must be addressed.   
The results obtained from this study have the potential to impact how public 
issues such as natural hazard resilience and risk are communicated, not only to the 
general public as a whole, but also to other more specific demographics.  These results 
may also aid in providing additional focus for practitioners and natural hazard 
preparedness activists by highlighting how the general public perceives these issues.  To 
date, natural hazard mitigation and preparedness have been topics of public policy and 
this study aims to further advocate natural hazard mitigation and resiliency.  
Perception of Risk Background 
Studies on the perception of risk became prominent in 1970, when researchers 
began investigating the cognitive and psychological dimensions of the estimation of risk 
(Boholm 1998).  These first studies presented findings suggesting that dramatic or 
spectacular hazards were easily remembered and subjects associated them with higher 
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risk in comparison to more common hazards, of which had more actual risk (Lichtenstein 
et al. 1978).  In 1987, Paul Slovic published a journal article titled Perception of Risk, 
which focused on psychological research of risk perception through studies of probability 
assessment, utility assessment and decision-making processes.  Psychometric paradigms 
have been utilized as a tool to study perception of risk, and have indicated that perceived 
risk is both quantifiable and predictable (Slovic 1987).  In a 1980 study, Slovic et al. used 
a psychometric paradigm for four different types of groups (League of Women voters, 
college students, active club members and experts), ranking 30 different activities and 
technologies based on their risk.  The results from this study highlighted that “risk” has a 
different meaning for each individual, a result that may still be true in today’s society 
(Fischhoff et al. 1978).  Risk perception studies have also highlighted the dissimilarity 
between an expert’s definition of risk and a layperson’s perception of risk (Slovic 1987).  
In addition to using tools such as psychometric paradigms, risk perception researchers 
have utilized additional qualitative research methods, such as surveys/questionnaires and 
interview techniques to gather public perception.  
In the past decade, perception studies have become more refined, specifically 
focusing on natural hazards.  Risk perception to natural hazards such as flooding, 
hurricanes and storm surge has been investigated through various methods of 
measurement. Miceli et al. 2008 outlines the methods in which disaster preparedness and 
perception of flood risk were measured in Italy.  Using a structured questionnaire, Miceli 
et al. assessed flood risk perception through two different domains:  (1) estimation of the 
likelihood of risky events occurring and (2) feelings of worry associated with the risky 
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events.  In addition, a positive relation between perception of hurricane risk and prior 
experience to hurricanes has been noted by several researchers (Windham et al. 1977; 
Norris et al. 1999; Raid et al. 1999; Peacock et al. 2005).  More recently, perception 
studies related to hazards such as sea-level rise have been conducted for singular areas 
(i.e. Florida).  One study investigated Broward County (Florida) residents’ perception of 
risk and concern/lack of concern for sea-level rise in southern Florida (Bolter 2014).  
Additional studies centered in Florida investigated public perception of hurricane wind 
speeds (Agdas et al. 2012), (Peacock et al. 2005), and perception of floodwaters (Webster 
et al. 2013), among others not presented here. 
In comparison to past perception of risk studies, Attari investigated the 
layperson’s perception of energy usage and additionally, their perception of water 
consumption (Attari 2014; Attari et al. 2010) through a nationwide lens.  Attari’s 
perception studies investigated decisions and actions that a person could make and take, 
respectively, with regards to conserving energy and water, as opposed to past perception 
studies which investigated the risk associated with certain events rather than actions that 
may have proactive, reactive or no effects on the issue.    
Substantial research has been and continues to be conducted in both engineering 
and social sciences regarding the impact of natural hazards, the risk we face from natural 
hazards and the measures we can take to prepare or lessen their impact through 
investigation of public perception; yet these research endeavors tend to address these 
issues separately (i.e. singular hazard, singular location) and often focus solely on 
investigating the risk, rather than focusing on both the risk and the actions that can be 
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taken.  My study provides a multi-hazard, national-scale approach to investigate the 
public perception of risk and resilience to natural hazards.  
Research Objectives 
To gain better understanding of the public perception of natural hazard risk and 
resilience, I have established three main research objectives which when fulfilled will 
provide us with much needed information about the general public’s perceptions of 
natural hazard awareness and preparedness. This research will be guided by the following 
three broad research objectives:	
1. Characterize perceived resilience to four common natural hazards 
2. Characterize perceived susceptibility and risk to four common natural hazards 
3. Compare perceived resilience, risk and susceptibility to actual measures of 
resilience, risk and susceptibility.  
Research Questions 
 Five research questions stemmed from our guiding research objectives.  These 
questions were aimed to provide insight in to the perceptions of resilience of the general 
public and their recognition of their personal natural hazard risk.  The results presented in 
the remainder of this study relate directly to these five research questions.  
RQ1. How do perceptions of susceptibility/risk/resilience compare to 
actual measures of susceptibility/risk/resilience? 
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RQ2.  What characteristics are predictors of correct and incorrect 
perceptions of susceptibility, levels of risk, levels of preparedness, and of 
ease/difficulty in performing resilient actions? 
RQ3. What is the general public’s knowledge of structural mitigation 
measures? 
RQ4. What is the public perception of natural hazard resilience? 
RQ5. What types of behaviors/actions do participants associate with 
resilience? 
Methods 
Data Collection 
This study was administered using an approach modeled after a prior national 
study investigating the public opinion of energy usage and water consumption (Attari et 
al. 2010; Attari 2014). In my study, it was assumed that decision making with respect to 
actions promoting resilience are limited to participants owning and in some cases renting 
their primary residence.  For this reason, participants were limited to United States 
residents, currently residing in the 50 states, ages 18 or older either owning or renting 
their primary residence.  At first, participants were to be limited to only homeowners; 
however, upon further consideration, it was decided that both homeowners and renters 
would be targeted for this study, allowing us to investigate potential difference in 
perceptions between the two groups—both of whom should have a vested interest in 
natural hazard preparedness.  Of all housing units in the United States, further stratified 
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by those occupied, vacant and seasonal, homeowners or renters occupy 88.6%, with 
11.4% of all housing being vacant (U.S. Census Bureau 2010).  Approximately 65.1% of 
the occupied housing units in the United States are owner occupied, while 34.9% of the 
remaining occupied housing units are renter occupied (U.S. Census Bureau 2010).   
Past studies have researched certain regions of the United States susceptible to 
certain hazards (for example, Peacock et al. 2005); however, the general public opinion 
of natural hazard resilience cannot be determined by researching one particular location 
(i.e. county, city, state) and/or one particular natural hazard (i.e. earthquake, flood, high 
wind or wildfire).  Thus it was imperative for this study to encompass a large, diverse 
geographic area with the potential to encounter multiple natural hazards.  Due to the large 
population of the general public who fit the criterion, it was necessary to determine how 
participants would be chosen and/or selected in order to provide an accurate 
representation of the general public opinion.  It was determined that a non-probabilistic, 
purposive convenience sample would best capture the intended population of this study.  
This sample was classified as purposive in the sense that specific populations relevant to 
our research questions (i.e. homeowners and renters within the United States) were 
targeted and as a convenience sample, allowing participants to self-select to participate in 
the study (as long as they were members of SurveyMonkey).  Samples such as these do 
create limitations.  Because of the nature of the sample used in this study, the results 
gathered are not a true generalizable representation of the general public perception.  
However, the results do provide perspective of the perceptions of multiple locations 
throughout the United States.        
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True nationwide research studies are both time-intensive and monetarily 
expensive and not realistic for an academic research study such as this; therefore, our 
approach was modeled after Attari (2009, 2014), utilizing an online web-based survey 
questionnaire.  In order to obtain scientifically relevant data, the minimum number of 
responses required to obtain a 95% confidence interval (CI) with +/- 5% margin of error 
(MOE) was determined to be approximately 400 survey responses.  This sample size was 
determined using the following equation, 
 
 where ME is the desired margin of error (+/- 5%), z  is the z-score (0.96 for a 
95% confidence interval),  is the prior judgment of the correct value of p (when p is 
unknown,  is assumed to be 0.5) , and n  is the sample size to be found.   
All survey participants were members of SurveyMonkey but were chosen to 
participate in this survey at random provided they met our specified criteria through 
utilization of SurveyMonkey Audience.  SurveyMonkey panels are made up of the 30+ 
million people who complete SurveyMonkey surveys each month.  Members are able to 
complete a limited number of surveys each week, to ensure no one member is over-
participating.  Additionally, SurveyMonkey runs regular benchmarking surveys to ensure 
their members are representative of the United States population.  Incentives were not 
directly offered to survey participants by us, the researchers; however, through 
SurveyMonkey, participants were gifted two non-cash rewards for providing their time 
and opinion—a small donation to the charity of their choice and an entry into a weekly 
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sweepstakes.  SurveyMonkey utilizes these types of incentives in order to limit the 
problems that typically arise with cash rewards. 
Between August 2015 and November 2015, our online web-based survey, 
consisting of 29 multiple-choice, categorical and open-ended questions, was constructed, 
reviewed and subsequently administered (IRB 2015-353).  The survey was divided in two 
main sections:  (1) questions specifically tailored to investigate participant’s perceptions 
and (2) demographic questions (which were located at the end of the survey in order to 
avoid biasing the respondents).  This survey was designed to take respondents 
approximately 20-30 minutes to complete.  On average, respondents took on average 10 
minutes to complete the online web-based survey.  Implementation of the survey 
produced a total of 416 viable responses from across the United States, with only three 
states lacking representation (Alaska, Vermont and Wyoming).  Of the total number of 
participants that began the survey (N=514), 416 participants completed the survey, 
attributing to a completion rate of 81%.  A summary of participant demographics 
compared to the average United States population demographics is given in Table 1, 
below. 
Table 1. Comparison of survey demographics to the United States population.  
Demographic characteristic Sample (%) US Census 2010 (%) 
Gender   
  Female 52 50.8 
  Male 48 49.2 
Residential Status   
  Homeowner 70 65.1 
  Renter 30 34.9 
Age   
  1:  18-24  6 36.5* 
  14 
  2:  25-34 21 
  3:  35-44 18 
  4:  45-54 14 26.4*   5:  55-64 14 
  6:  65+ 25 13.0* 
Race/Ethnicity   
  White 79 72.4 
  Other 21 27.6 
Education Level   
  1: Junior high or less 0 6.3** 
  2: Some high school 1 8.5** 
  3: High school diploma/GED 17 28.5** 
  4: Some college, no degree 25 21.4** 
  5: 2-year college degree 11 7.5** 
  6: 4-year college degree 31 17.6** 
  7: Post-graduate degree 16 10.3** 
Income Level   
  1: Did not have income 3 23.6*** 
  2: < $20,000 12 10.1*** 
  3: $20,000 - $49,999 30 13.1*** 
  4: $50,000 - $79,999 30 17.0*** 
  5: $80,000 - $109,999 14 11.5*** 
  6: $110,000 - $139,999 5 13.4*** 
  7: $140,000 - $169,999 4 5.7*** 
  8: > $170,000 3 5.6*** 
*: Data for age level from the 2010 U.S. Census was broken down in to 15-44, 45-64 and 64+.  
These were the age ranges closest to the ranges used on our survey.    
**:  Data for education level was from the 2009 American Community Survey  
***:  Based upon 2014 Current Population Survey, percentages correspond to the following 
income range levels (Under $25,000; $25,000-$34,999; $35,000-$49,999; $50,000-$74,999; 
$75,000-$99,999; $100,000-$149,999; $150,000-$199,999; $200,000 and over). 
For this study, face and content validity were addressed through feedback from 
engineering and sociology faculty members, industry professionals with expertise in 
natural hazard mitigation and outreach measures and civil engineering undergraduate 
students.  Revisions based on gathered feedback reduced the length of the survey and also 
eliminated or reworded unclear survey questions.  Likert-scale survey questions were 
tested for inner reliability using Cronbach’s alpha.      
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Data analysis was performed using a combination of Microsoft Excel and JMP 
Pro 12.1.0 statistical analysis software to perform both descriptive statistics and 
regression (binary logistic) analyses.  Respondents were required to answer each survey 
question (or the survey was considered incomplete), a preventative used to avoid missing 
data; therefore, all responses were considered usable.  
Outline of Chapters 
The following chapters of this dissertation are organized as a series of 
independent papers, each with their own abstract, significance statement, introduction, 
results, discussion and conclusion.  The chapters build upon one another, examining the 
public perception of risk and resilience to natural hazards through various approaches.  
Each chapter more closely examines specific areas of interest. 
In chapter two, the public perception of natural hazard risk is examined through 
investigation of portions of our online research survey, implemented through 
SurveyMonkey Audience.  This chapter provides insight in to the state of knowledge of 
natural hazard risk across the United States, investigating participant perceptions of 
overall risk and level of risk to four different natural hazards:  earthquake, flood, high 
winds and wildfire.  In this chapter, predictive characteristics of underestimation of risk 
are presented, as those who underestimate are more likely to be underprepared or 
improperly prepared.  The chapter concludes with potential strategies to improve the state 
of knowledge of risk. 
Chapter three investigates preparedness for natural hazards through assessment of 
survey participant’s level of preparedness for each natural hazard, level of ease/difficulty 
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in performing resilient actions and ranking of importance of factors of preparedness.  
Survey participants are also asked a series of questions regarding residential building 
resilience—do certain mitigation measures strengthen or weaken the structure?  Similar 
to chapter two, binary logistic regression analyses are presented, providing predictive 
characteristics of those who are typically less prepared for natural hazards and have more 
difficulty in performing resilient actions.   
Chapter four presents the creation of a self-assessment outreach tool for 
individuals, whether homeowner or renter.  This tool asks users a series of questions 
pertaining to each of the four-abovementioned natural hazards, providing a rated level of 
resilience (low, medium, high).  It is our intent through this outreach tool to give 
individuals an easy-to-use tool to gain awareness of natural hazards and the preparedness 
measures that may increase their resilience.  The information presented in this chapter is 
preliminary and may also be considered as a future research endeavor.   
Chapter five summarizes all of the results and discussion, presenting an overview 
of our research findings.  In addition, the limitations and areas for future research as 
related to this study are presented.  Finally, the appendices contain the full survey 
(Appendix A), additional statistical analyses (Appendix B) and supplemental information 
on the coastal community resilience index (CRI) and FEMA IS-394 (Appendix C).  
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CHAPTER TWO 
PUBLIC PERCEPTIONS OF NATURAL HAZARD RISK 
This chapter investigates the first portion of our online research survey—the 
public perception of overall risk and level of risk to four different natural hazards.  I will 
submit this paper to the Proceedings of the National Academies of Science (PNAS). 
Abstract 
In a national online survey, 416 respondents reported perceptions of natural 
hazard risk at the location of their primary residence. Only 8% of respondents correctly 
identified their susceptibility to each of the following four hazards:  earthquake, flood, 
high wind, and wildfire hazards. Guessing would have given respondents a 6% chance of 
getting all four correct. Respondents systematically underestimated their susceptibility to 
flood and wildfire. Even respondents who correctly identified their general susceptibility 
to earthquake and high wind systematically underestimated their specific levels of risk to 
these hazards. Incorrect perceptions of hazard risk inhibit appropriate preparation, 
making it more likely that hazards will disrupt lives and the environment via hazard 
debris and use of natural resources for rebuilding. 
Significance Statement 
            This research shows that public perceptions of natural hazard risk differ greatly 
from current scientific understanding of natural hazard risk. This difference is 
problematic because natural hazard preparedness requires coordinated public actions such 
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as storing food and water and creating plans to respond to various potential hazards. By 
exposing and clarifying the gaps between perceptions and reality of natural hazard risk, 
this research can inform efforts to increase broad public understanding, an approach that 
has been effective for incorrect perceptions related to energy and water use (Attari et al. 
2010; Attari 2014). Such efforts to increase understanding would not only help reduce the 
negative impacts of disasters, they would also spread general awareness of interactions 
between natural and social systems.  
Introduction 
            People living in the U.S. are increasingly impacted by natural hazards such as 
earthquakes, floods, high winds, and wildfire (NCEI 2016).  These hazards lead to 
uninhabitable residences, discontinuity at work or school, and lost wages and profits.  
Since 1960, the U.S. has accrued more than a half trillion dollars of total losses from 
natural hazard events (Gall et al. 2011). The events also have detrimental environmental 
effects such as wasted materials, pollution, and the consumption of natural resources 
during rebuilding. Replacing a single roof blown off during a hurricane has CO2 
emissions roughly equivalent to 8000 kg, a similar amount of emissions to 1000 gallons 
of gasoline (FEMA 2010a). The less prepared people are for hazard events, the worse 
these effects may be.  Conversely, for every dollar spent to perform mitigation, an 
average of four dollars is saved post-disaster (Godschalk et al. 2009).     
Migration to susceptible and densely populated coastal areas makes accurate 
perceptions of hazard risk increasingly important. As of the 2010 census, nearly 40% of 
  19 
the U.S. population lives in coastal areas, which represent less than 10% of the U.S. land 
mass (NOAA 2013). This development trend places more people in locations susceptible 
to hazards, and also reduces the pervious land that would otherwise buffer humans and 
natural ecosystems against natural hazards (Vitousek et al. 1997). 
Risk perception research (e.g., Slovic 1978) is being extended to natural hazards 
for single locations and single hazards. For example, in the U.S., earthquakes are 
associated with California, tornadoes with the midwestern states, hurricanes with Eastern 
and Gulf of Mexico coastal states, and wildfires with dry Western states. Others have 
therefore studied such topics as hurricane risk perceptions in Florida (Peacock et al. 2005; 
Agdas et al. 2012; Webster et al. 2013), lay people versus expert assessments of flooding 
risks in Switzerland (Siegrist and Gutscher 2006), disaster preparedness and perception of 
flood risk in Italy (Miceli et al. 2008); and wildfire risk perception in the western U.S. 
(Martin et al. 2009).  
However, most locations do not face a single dominant natural hazard (FEMA 
2010b), they are also susceptible to other types of hazards.  Storm event data gathered by 
the National Weather Service indicates that, throughout the U.S., risk to more than just 
one primary hazard is probable (NCEI 2016).  Therefore, our study takes a multi-hazard 
and national-scale view to complement and extend location-specific single-hazard 
studies.  
Similar national-scale research on gaps between perception and reality in energy 
and water consumption sought insight into education approaches with potential to convert 
  20 
knowledge and informed actions (Clark 2007).  In the same manner, our research seeks 
insight for natural hazard risk, which has similar environmental, social, and economic 
implications to energy and water consumption. 
Results 
Our study was guided by two broad research questions:  (1) Does the general 
public know their susceptibility to earthquakes, floods, high winds, and wildfires, and (2) 
Are they aware of the magnitude of risk they face for each hazard?  
General hazard susceptibility 
We conducted a national online survey in which 416 respondents reported their 
perceptions regarding natural hazard susceptibility at the location of their primary 
residence. Based on zip codes provided by respondents, respondents’ geographic 
locations are shown in Figure 1. 
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Figure 1.  Survey respondent distribution (markers represent primary 
residence zip codes for at least one respondent). 
An initial question on the survey asked respondents “What natural hazard(s) are 
you susceptible to at your primary residence?”  Respondents were able to select multiple 
hazards among: earthquake, flood, high wind, and wildfire. We determined the actual 
natural hazard risk for each location by entering respondent zip codes into a search tool 
for hazard risk provided by the Insurance Institute for Business and Home Safety (IBHS), 
based upon documents from the American Society of Civil Engineers (ASCE) (ASCE 
2010), the Federal Emergency Management Agency (FEMA) (FEMA 2015), and the 
U.S. Geological Survey (USGS) (Homer et al. 2004), all of which specify levels of risk to 
each of the four hazards assessed in this study.   
As shown in Table 2, only 8% of survey respondents correctly identified their 
overall susceptibility to natural hazards, meaning they selected correctly for all four 
hazards.  The remaining 92% of respondents failed to indicate one or more hazards to 
which they were susceptible (underestimating) and/or indicated one or more hazards to 
which they were not susceptible (overestimating).  
Bear in mind that we would expect half (50%) of the respondents to correctly 
identify their susceptibility to each hazard just by guessing. Therefore, while earthquake 
and high wind perceptions appear relatively accurate, with 77% and 67% of respondents 
correctly identifying their susceptibility respectively, this is only a marginal improvement 
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from random guessing. For flood and wildfire, just 43% and 31% correctly identified 
their susceptibility, which is actually worse than random guessing.  
Respondents systematically underestimated their susceptibility to floods and 
wildfires, which could occur at nearly any location. While dry forests are generally more 
prone to wildfires, and low elevation land is generally more prone to flooding, wildfires 
are not confined to forests and flash flooding can occur in most locations. 
Table 2.  Incorrect identification of overall susceptibility to natural hazards  
Hazard Correct (%)  Underestimate (%) Overestimate (%) 
Earthquake  77  6 17 
Flood 43  57 - 
High Wind 67  14 19 
Wildfire 31  67 2 
Overall 8    
 
We further explored the survey responses of those who underestimated their 
susceptibility, as those who do not perceive susceptibility to a hazard are less likely to 
sufficiently prepare. Specifically, we sought to determine predictors that may contribute 
to these false perceptions by constructing generalized linear models with binomial 
distribution and logit link (binary logistic regression) for each natural hazard using JMP 
Pro 12.1.0 statistical analysis software. These regression analyses allowed us to examine 
the effects of these socio-demographic characteristics and natural hazard experiences as 
predictors of underestimation of susceptibility. For each analysis, the outcome variable 
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was binary (0 = did not underestimate susceptibility, 1 = did underestimate 
susceptibility), while the predictor variables were a mixture of the following dichotomous 
and categorical variables: FEMA region (FEMA delineates 10 geographic regions of the 
U.S.), natural hazard experience, own/rent residence, gender, race/ethnicity, age, 
education, and income.  Categorical variables were coded using effect coding (-1, 0, 1). 
The probability of underestimating susceptibility was predicted using the standard 
logistic regression function, Eq. (1): 
 
Significant predictors of underestimated susceptibility varied from hazard to 
hazard, as shown in Table 3. The odds ratios indicate the magnitude of effect for each of 
the statistically significant predictors. Variables with odds ratios <1 are negative 
predictors of underestimated susceptibility, while variables with odds ratios >1 are 
positive predictors of underestimated susceptibility. In other words, higher odds ratios 
indicate greater amounts of incorrect perceptions as compared to average, which, as 
shown in Table 2, are not very accurate to begin with. 
For earthquake, high wind, and flood hazards, lack of prior experience with a 
natural hazard was a significant predictor of underestimating susceptibility, a finding that 
aligns with conclusions from other hazard research (for example, Mileti and Darlington 
1997) and from risk perception in general where people judge the likelihood of events 
based on the ease/difficulty to imagine or recall similar event (Slovic et al. 1981). We 
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found that those who have not experienced an earthquake, flood, or high wind are 
roughly twice as likely as those who have experienced one of these natural hazards to 
underestimate their susceptibility. 
We also analyzed the predictive power of education, age, race/ethnicity, and 
income. Respondents’ education did not predict their likelihood of underestimating 
susceptibility, except for in the case of earthquakes, for which respondents with a high 
school diploma/GED were more likely to underestimate their susceptibility. Respondents’ 
who were ranging in age from 18-44 years of age were less likely to underestimate 
susceptibility for flood and wildfire hazards.  Respondents who were classified as not of 
the white race/ethnicity (which encompasses all other races/ethnicities) were more likely 
to underestimate susceptibility to high wind and respondents who had incomes ranging 
from $80,000-$109,999 were more likely to underestimate susceptibility to wildfire than 
those with an income exceeding $170,000. 
For all of the hazards, location could be a significant predictor of underestimated 
susceptibility.  FEMA Region 10 was the region used for comparison in the following 
analyses.  For earthquakes, respondents from FEMA Region 9 (Arizona, California, 
Hawaii, Nevada and the Pacific Islands) are four times more likely to underestimate their 
susceptibility whereas respondents from FEMA Region 3 (District of Columbia, 
Delaware, Maryland, Pennsylvania, Virginia, and West Virginia) are significantly less 
likely to underestimate their susceptibility. Respondents from FEMA Region 6 
(Arkansas, Louisiana, New Mexico, Oklahoma, and Texas) were less likely to 
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underestimate their susceptibility to floods, but more likely to underestimate 
susceptibility to high winds, as were respondents from FEMA Regions 1 (Connecticut, 
Maine, Massachusetts, New Hampshire, Rhode Island and Vermont), 4 (Alabama, 
Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina and Tennessee), 
and 5 (Illinois, Indiana, Michigan, Minnesota, Ohio and Wisconsin). For wildfire, 
respondents from FEMA Region 1 were more likely to underestimate susceptibility while 
underestimating was less likely in Region 7 (Iowa, Kansas, Missouri, and Nebraska) and 
Region 9. These regional trends show that people in regions more likely to be exposed to 
certain hazards can actually be more likely to underestimate their susceptibility to these 
hazards, as is the case for earthquakes in Region 9 and high winds in Region 6.  The 
distribution of responses throughout the FEMA Regions could be a limitation, as some 
regions were less populated than others.  We are not sure if more significant results 
would be noted if there were additional data points for the less populated regions.  
Table 3. Predictors of underestimating hazard susceptibility 
  Est. SE L-R ChiSquare p Odds Ratio 
Earthquake           
Intercept -2.57 0.50 54.89 <.0001 0.08 
Experience[0] 0.65 0.23 7.60 0.01 1.91 
Education[3] 1.34 0.54 8.61 0.00 3.82 
FEMA 3 -2.05 1.25 4.43 0.04 0.13 
FEMA 9 1.41 0.47 11.14 0.00 4.10 
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Flood           
Intercept 0.60 0.29 3.79 0.05 1.82 
Experience[0] 0.52 0.15 14.92 0.00 1.68 
Age[2] -0.58 0.24 6.92 0.01 0.56 
Age[3] -0.61 0.25 6.96 0.01 0.54 
FEMA 6 -0.99 0.33 10.74 0.00 0.37 
High wind           
Intercept -1.64 0.42 25.44 <.0001 0.19 
Experience[0] 0.84 0.18 25.46 <.0001 2.32 
Race/Ethn[0] 0.47 0.18 6.85 0.01 1.60 
FEMA 1 1.78 0.56 12.27 0.00 5.91 
FEMA 4 1.29 0.38 16.73 <.0001 3.63 
FEMA 5 1.08 0.42 9.28 0.00 2.95 
FEMA 6 0.93 0.48 5.30 0.02 2.53 
Wildfire           
Intercept 0.67 0.30 6.56 0.01 1.95 
Age[1] -0.91 0.38 6.87 0.01 0.40 
Income[5] 0.61 0.33 3.96 0.05 1.84 
FEMA 1 1.38 0.64 7.30 0.01 3.99 
FEMA 7 -0.77 0.44 3.49 0.06 0.46 
FEMA 9 -0.92 0.30 10.76 0.00 0.40 
Note: Est. = the estimate (logit), or log odds change in likelihood of underestimating risk for a 
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given change in the predictor; SE = the standard error of the estimate; L-R ChiSquare = 
likelihood-ratio Chi-square test for the hypothesis that all regression parameters are zero; p = 
probability of obtaining a greater Chi-square value by chance alone if the specified model fits no 
better than the model that includes only intercepts.  Only predictive variables with statistical 
significance are included in this table.  
Specific hazard risk levels 
In addition to measuring perceptions of general susceptibility to hazards, we also 
explored whether respondents knew the magnitude of their risk to specific natural 
hazards, which also has implications for the types of preparedness actions they might 
take. On our survey, respondents indicated their perceived level of risk for each hazard, 
which we then compared to a hazard-specific standard measure of actual risk.  Table 4 
provides an overview of perceived levels of risk for each hazard.  Unlike our assessment 
of perceptions of general susceptibility to hazards, where participants indicated 
susceptibility or no susceptibility to each hazard, participants were required to indicate 
their level of risk for each hazard for these survey questions—meaning incorrect 
perceptions of general susceptibility could be accompanied by correct perceptions of 
level of risk (based upon the chance of randomly selecting the correct level). 
Earthquake 
Respondents were asked, “According to the Federal Emergency Management 
Agency (FEMA), my primary residence has the following likelihood of experiencing an 
earthquake.” Choice options were “(1) very small probability of experiencing damaging 
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earthquake effects, (2) could experience shaking of moderate intensity, (3) could 
experience strong shaking, (4) could experience very strong shaking, and (5) near major 
active faults capable of producing the most intense shaking.” Actual earthquake hazard 
potential was determined via FEMA’s earthquake hazard map (available at:  
https://www.fema.gov/earthquake-hazard-maps). Overall, 44% of respondents identified 
the correct earthquake hazard potential for their primary residence; with 36% of 
respondents underestimating and 21% overestimating their earthquake hazard potential.  
Participants had a 20% chance of randomly selecting the correct level of earthquake risk.   
Flood 
Respondents were asked, “According to the Federal Emergency Management 
Agency (FEMA), my primary residence is located in this flood zone.” Choice options 
were (1) Special Flood Hazard Area, (2) Zone B, (3) Zone X (moderate), (4) Zone C, and 
(5) Zone X (minimal).  Actual flood zones were obtained for each zip code using 
FEMA’s National Flood Hazard Layer Map (Accessed at FEMA NFHL). Nearly half 
(48%) of participants residing in locations with available flood zone information (412 
participant locations) identified the correct flood zone for their primary residence; with 
43% of respondents overestimating their flood risk and 8% underestimating their flood 
risk. Participants had a 20% chance of randomly selecting the correct flood zone. 
High Wind 
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Respondents were asked, “According to FEMA, my primary residence is located 
within the following wind zone.” Choice options were (1) Zone I (130 mph), (2) Zone II 
(160 mph), (3) Zone III (200 mph), (4) Zone IV (250 mph).  Actual wind zones were 
obtained for each participant using the FEMA IS-394 wind zone map (FEMA 2005).  
Overall, 30% of the 386 respondents who chose one of the four wind zones identified the 
correct wind zone for their primary residence; with 62% of respondents underestimating 
and 8% overestimating their high wind hazard potential. Participants had a 25% chance 
of randomly selecting the correct wind zone. 
In addition to selecting a wind zones, respondents could also indicate whether 
they were in a “special wind region” or “hurricane susceptible region” as defined by 
FEMA. Overall, 186 respondents either indicated residence in a special wind region or 
hurricane susceptible region or were actually residents of a special wind region or 
hurricane susceptible region. Of these respondents, 27% correctly identified residing in a 
special wind region or hurricane susceptible region; with 58% of those respondents 
underestimating and 15% overestimating their risk. 
Wildfire 
Respondents were asked “According to the USDA Forest Service, my primary 
residence has the following potential to be impacted by a wildfire.”  Choice options were 
(1) Very low, (2) Low, (3) Moderate, (4) High and (5) Very High.  Selections were 
compared to Wildfire Hazard Potential data from the USDA Forest Service’s Fire, Fuel 
and Smoke Science Program (Dillon et al. 2015). Overall, 45% of respondents identified 
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the correct level of wildfire potential; with 8% underestimating and 47% overestimating 
their wildfire hazard risk. Participants had a 20% chance of randomly selecting the 
correct wildfire potential.  
In addition to the problem of inaccurate perceptions of hazard susceptibility, 
respondents were systematically overconfident in their perceptions of magnitude (or 
level) of risk for each of the four assessed hazards.  Mean confidence level of correct 
hazard risk level responses on a 5-point Likert-type scale, ranging from not at all 
confident to very confident was 3.69 (SD 1.13).  What’s more, approximately 33% of 
respondents were confident (with Likert-type responses of 4 and 5) that they correctly 
identified their level of risk to all four hazards, when in reality they did not correctly 
identify these magnitudes of risk.   
Table 4.  Approximately half of participants perceived correct level of risk to natural 
hazards.  
Hazard Correct (%)  Underestimate (%) Overestimate (%) 
Earthquake  44  36 21 
Flood 48  8 43 
High Wind     
Zones I-IV 30*  62* 8* 
SWR/HSR 27**  58** 15** 
Wildfire 45  8 47 
*: 386 survey participants identified themselves as residing in a Zone I-IV region (N=386) 
**: 186 survey participants identified as residing in a SWR/HSR or were actually located in a 
SWR/HSR (N=186) 
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Discussion 
Discovering perceptions about natural hazard susceptibility can advance 
understanding of the drivers of both awareness and preparedness, and the lack thereof.  
Our results indicate that people generally misperceive the magnitude of their risk to 
natural hazards and yet they feel confident in these incorrect perceptions.  Thus the 
question becomes:  how do we address the incorrect perceptions and corresponding 
overconfidence?    
Ideally, we hope to increase comprehensive awareness of natural hazards, 
awareness that goes with people wherever they move, even if the hazard risks change. 
However, our research also reveals opportunities for more time and cost effective 
targeted education and outreach efforts. When prioritizing these efforts, it makes sense to 
target hazards and regions where misperceptions can be most damaging. For example our 
results indicate that those residing in FEMA region IX are more likely to underestimate 
their susceptibility to earthquakes, while those in FEMA region III tend to overestimate 
their susceptibility. Therefore, because underestimating susceptibility and/or risk can be 
more detrimental than overestimating, Region IX would seem to have more to gain from 
outreach and education efforts. Similarly, it might be productive to study what education 
and outreach efforts have been used in Region VII, where perceptions of high wind risk 
are more accurate. 
Our results also indicate age groups to target—age levels 1 through 3, 
corresponding to respondents 18-24, 25-34 and 35-44, respectively, were noted as 
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negative predictors, with less likelihood to underestimate their general susceptibility of 
wildfire and flood, respectively.  Interestingly, we found that younger people are more 
likely to accurately perceive their susceptibility to flood (age 25-34 and 35-44) and 
wildfire (age 18-24)—hazards that could occur in virtually any location, given the correct 
circumstances.  If younger people are more aware of their susceptibility and/or risk to 
flood and wildfire, perhaps the focus should be on the types outreach and education 
younger people are subjected to, in order to learn what has caused this group to be more 
aware.   
Our results show the potential in targeting those who have not completed any 
higher education. Respondents whose highest level of education was high school or 
equivalent were nearly four times as likely to underestimate their natural hazard 
susceptibility as those with the highest level of education (post-graduate degree).  A 
reasonable assumption is that those with less education may not be as aware of the risks 
they face, which is especially problematic as those with less education are less likely to 
have the financial means to withstand and recover from a hazard. 
In contrast, approximately half of participants correctly perceived their level of 
risk to the four assessed natural hazards, with the exception of the high wind hazard.  
These results contradict the results gathered regarding general hazard susceptibility, 
where only 8% of participants correctly perceived their overall general susceptibility to 
natural hazards.  However, we realize that random selection of the correct level of risk 
could have played a role in these results.  Participants were required to choose one of the 
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answer responses, meaning if they did not think they were susceptible, they would choose 
the lowest level of risk for that particular hazard.  With contradicting perceptions of 
general susceptibility and level of risk to these natural hazards, the discourse is made 
even more evident.        
There is no shortage of resources and outreach tools for each of the natural 
hazards investigated in this study. For example, the “Turn Around Don’t Drown®” 
phrase is meant to serve as a public service announcement to motorists, and individuals, 
warning of the dangers of driving into flood waters (NOAA 2004).  In relation to 
hurricanes, the #HurricaneStrong campaign, a national hurricane resilience initiative 
presented in 2016 by FEMA, the National Oceanic and Atmospheric Administration 
(NOAA) and the Federal Alliance for Safe Homes (FLASH), is meant to improve public 
awareness about hurricane readiness, as it has continued to decline due to the lack of 
land-falling hurricanes in the Atlantic Ocean (http://www.flash.org/hurricanestrong/).  
Our results highlight audiences with more chance of underestimating their susceptibility.  
By acknowledging these audiences and matching resources to them, we can help correct 
or advance the understanding of natural hazard susceptibility among these groups.  
Resources exist for each of the hazards we assessed (for more information on each of the 
hazards, visit Ready.gov), it is a matter of marketing their use to those who will gain the 
most knowledge and in turn gain understanding of an important matter.  
Methods 
Respondents 
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In late November 2015, 514 respondents were recruited via SurveyMonkey 
Audience panel (https://www.surveymonkey.com/mp/audience/) to complete an online 
research survey, of which 416 respondents provided completed responses to the survey.  
Upon completion, respondents received small incentives from SurveyMonkey Audiences, 
rather than from the researchers.  The survey was restricted to respondents located in the 
U.S., age 18 and older that either owned or rented their primary residence. The Internet
sample used is not completely representative of the U.S. population, not all of who can 
use the Internet. Based on our findings related to education level, we would expect that 
including respondents unable to use the Internet might lead to even less accurate 
perceptions.  The demographic characteristics of our survey sample are provided in  
Table 5. 
Table 5.  Survey sample demographic characteristics (N = 416) 
Demographic characteristic Sample (%) 
Gender 
  Female 52 
  Male 48 
Residential Status 
  Homeowner 70 
  Renter 30 
Age 
  1:  18-24 6 
  2:  25-34 21 
  3:  35-44 18 
  4:  45-54 14 
  5:  55-64 14 
  6:  65+ 25 
Race/Ethnicity 
  White 79 
  Other 21 
Education Level 
  1: Junior high or less 0 
  2: Some high school 1 
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  3: High school diploma/GED 17 
  4: Some college, no degree 25 
  5: 2-year college degree 11 
  6: 4-year college degree 31 
  7: Post-graduate degree 16 
Income Level  
  1: Did not have income 3 
  2: < $20,000 12 
  3: $20,000 - $49,999 30 
  4: $50,000 - $79,999 30 
  5: $80,000 - $109,999 14 
  6: $110,000 - $139,999 5 
  7: $140,000 - $169,999 4 
  8: > $170,000 3 
 
Survey Materials 
 The complete survey is presented in Appendix A.  The results presented in this 
article are representative of only a small portion of the overall survey instrument.  At the 
beginning of the survey, respondents were asked to provide their zip code, allowing for 
comparison of actual hazard data to their perceptions.  Upon gathering their zip code, 
respondents answered a question regarding their perceived risk to multiple natural 
hazards in the location of their primary residence, indicating which of the four types of 
hazards given could impact their area.  The questions that followed asked respondents to 
indicate their level of hazard potential for four hazards (earthquakes, floods, high winds 
and wildfire).  Survey respondents were then asked to rank their level of confidence 
regarding their responses using a 5-point Likert scale.  The final questions in the survey 
provided researchers with respondent demographics.  
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CHAPTER THREE 
PUBLIC PERCEPTIONS OF NATURAL HAZARD PREPAREDNESS AND 
RESILIENCE 
This chapter investigates the remainder of our online research survey—focusing 
on participant levels of natural hazard preparedness, their ease/difficulty in performing 
resilient actions, knowledge of resilient structural measures, their personal perceptions of 
resilience as it relates to natural hazards and the most effective action they can take to be 
resilient.  Results from this chapter provide insight in to the specific groups who would 
benefit most from natural hazard outreach and education.  In addition to the paper 
presented in Chapter Two, I will also submit this paper to the Proceedings of the National 
Academies of Science (PNAS). 
Abstract 
In a national online survey, 416 participants reported their perceptions of natural 
hazard resilience from both an individual and community level, through 29 multiple 
choice, Likert-type, Likert-scale and open-ended survey questions relating to natural 
hazard risk, preparedness and awareness of natural hazard programs, knowledge of 
residential building resilience, perceived definitions of resilience and the most effective 
action to be classified as resilient, as well as their perceived level of community 
resilience.  Results from a portion of this study, reported in an earlier article, indicated 
that the public perception of natural hazard risk is significantly incorrect.  Assuming that 
preparedness and awareness are guided by perception of risk, incorrect perceptions relate 
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to incorrect preparation or lack thereof.  Descriptive statistics, logistic regression and 
descriptive coding analyses were performed on the remaining survey data to determine 
the key trends, predictors and perceptions of preparedness, awareness, knowledge of 
residential building resilience and perceptions of resilience and resilient actions.  From 
our survey, we gathered that the general public is only somewhat prepared for natural 
hazards, with significant differences noted between various sub-populations.  
Significance Statement 
            Perceptions of preparedness and awareness regarding natural hazards indicate 
discourse between scientific understanding, communication, and eventual actions relative 
to constructing resilient individuals and communities. This discourse is especially 
problematic because there is significant scientific understanding of what it means to be 
resilient to natural hazards and the factors that correspond with more resilient 
communities; however, as presumed, society is not as aware of or prepared for impending 
natural hazards.  Results indicate that renters are significantly less prepared than 
homeowners, females less prepared than males, and those with lower incomes are more 
likely to be less prepared for natural hazards.  By shedding light on the gaps between 
perceptions of risk, preparedness and awareness, this research can inform efforts to 
increase the broad public understanding, an approach that has been effective for similar 
understanding gaps in the perceptions of energy consumption and water use (Attari et al. 
2010; Attari 2014).  These efforts have the potential to not only reduce the negative 
impacts of natural disasters from a structural standpoint, but also to spread general 
awareness of the coupled interactions of natural and social systems such as the natural 
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environment and society, aiding in decreasing the number of people affected by each 
hazard.  
Introduction 
            Natural hazards are inevitable forces of nature, continuously impacting the Earth 
and uncontrollable by us, its residents.  We are subject to experience multiple types of 
natural hazards, whether meteorological or geological, in varying frequencies and 
intensities regardless of our location within the United States.   We cannot plan to avoid 
these hazards, but we are able to plan and prepare our homes and ourselves and in turn 
lessen the risk of natural hazard turned natural disaster.  Over the past 51 years, the U.S. 
has accrued nearly a trillion dollars of total losses from natural hazard events (Cutter and 
Emrich 2005) and over 27 million people in the United States have been affected by 
natural disasters (Guha-Sapir 2009). These events also have detrimental environmental 
effects such as wasted materials, pollution, and the consumption of non-renewable 
natural resources all accrued during the demolition and rebuilding processes. Replacing 
an entire residential structure has CO2 emissions roughly equivalent to 4600 gallons of 
gasoline, approximately four times the amount replacing a roof emits (FEMA 2010a).  
Preparation before natural hazards occur can lessen the potentially detrimental effects on 
society and the environment.  
 Homeowners increase their resilience to natural hazards, while also curbing the 
impact on the environment that replacing their entire home after disaster would entail, 
simply by retrofitting their existing residential structures.  Not only do retrofits reduce 
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CO2 emissions produced during the rebuilding process (FEMA 2010a), they also help 
decrease future economic loss accrued by the next impending disaster.  Structural 
retrofits additionally allow the natural ecosystem to benefit from the disaster.  As 
detrimental as some natural hazards are, with no human interaction they are meant to 
revive the current state of the environment.  For instance, flooding has the potential to 
recharge areas with fresh supplies of groundwater, nutrients and sediments (National 
Research Council 1999).  However, other natural hazards (hurricanes, tornadoes and 
earthquakes) cause more harm than good but are generally localized and do not cause 
large-scale damage to the natural ecosystem (National Research Council 1999).  Natural 
ecosystems adapt to survive and thrive following disaster; is that not something that 
society should emulate too? 
Mitigation efforts reduce the risk of harm for people while also reducing the risk 
of damage to property.  These efforts also assist in lessening the amount of disaster aid 
paid by the federal government.  In 2009, Godschalk et al. reported that on average, for 
every dollar spent on mitigation grants $4 is saved in resource costs.  Coastal counties 
such as Broward and Miami-Dade counties in south Florida implemented more stringent 
building codes following Hurricane Andrew in 1992 (Gurley et al. 2006); however, most 
coastal states (and/or jurisdictions) have not strengthened their codes to better withstand 
hurricanes (IBHS 2015).  The state of building codes in the remaining inland states has 
just as grim an outlook.  The Midwest is subject to tornadoes annually, and is commonly 
referred to as ‘Tornado Alley’; yet structures within this region are constructed to 
withstand 90 mph wind speeds (ASCE 2010), the equivalent of an EF-1 tornado (86-110 
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mph).  From post-storm damage assessments following the 2013 Moore, Oklahoma EF5 
tornado, it was noted that approximately 90% of the damage was caused by EF3 winds or 
less (Ramseyer et al. 2015).  In 2014, Moore city officials passed building code 
amendments strengthening the city’s code to withstand the impact of winds up to 135 
mph (rated EF2) (Ramseyer et al. 2015).  Actions such as these illustrate one of the many 
avenues of preparedness that may be taken to prevent catastrophic amounts of damage 
following a natural disaster. 
 Structures can be strengthened, but if people fail to personally prepare, risks 
associated with natural hazards still remain.  Awareness, preparedness and mitigation 
measures are among the various approaches necessary to lessen personal risks associated 
with natural hazards.  The Department of Homeland Security suggests that individuals 
have an emergency preparedness kit, with items such as food and water, able to last for 
three days (more information available at ready.gov).  Awareness of the best practices for 
each type of natural hazard is also key to reducing personal risk.  Federal agencies, such 
as the Federal Emergency Management Agency (FEMA) and National Oceanic and 
Atmospheric Administration (NOAA) provide information regarding best practices for 
multiple hazards; for example, in flooded areas, the phrase “Turn Around, Don’t 
Drown®” should come to mind (NOAA 2004) or in the event of a spreading wildfire, 
residents should evacuate their property when in imminent danger. 
As a continuation of our national online survey investigating public perceptions of 
natural hazard risk, this article investigates general public preparedness and awareness of 
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natural hazard programs, perceived resilient actions and public perceptions of community 
resilience.  The overall study extends upon previous research with location specific single 
hazard approaches, previously mentioned in Chapter 2 by incorporating a multi-hazard, 
national-scale approach.  Through descriptive statistics, nonparametric tests, binary 
logistic regression and descriptive coding analyses, significant predictors of level of 
preparedness for four types of natural hazards, ease/difficulty in performing resilient 
actions, knowledge of residential structure resilience and perception of community 
resilience will emphasize the importance and relationships between certain socio-
demographic characteristics and natural hazard risk and resilience.  For this study, we 
conducted a national online survey in which 416 participants across the United States 
reported their level of personal preparedness for multiple hazards, ease of implementing 
resilient actions, perception of their specific community’s (county) resilience and their 
individual definitions of resilience to natural hazards and the most effective action they 
can take to be more resilient. 
Results 
Several analytic methods were used to investigate our survey responses.  Before 
running more involved analyses, such as logistic regression, we first performed 
descriptive analyses and nonparametric tests, investigating response frequencies and 
determining if certain populations (female/male, homeowner/renter, participant with 
hazard experience/no experience) had significantly different responses with respect to 
preparedness and ease of implementing resilient actions.  The presence of significant 
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differences is an indication of areas where additional outreach and education could be 
beneficial. Wilcoxon rank-sum tests were used to evaluate whether differences were 
statistically significant.  This nonparametric test can be used to determine whether a 
particular population tends to have a greater rank (in this case, greater mean) than 
another; unlike parametric tests, this particular test does not make assumptions about the 
normality of the distributions and is often ideal for Likert-scale survey questions.  To test 
for reliability of Likert-scale items, Cronbach’s alpha was calculated.  Cronbach’s alpha 
(α) is a measure of internal consistency, in other words how related a group of items are.  
Values for α range from 0 to 1, with higher values indicating better reliability.  
Cronbach’s alpha for the preparedness Likert-scale survey questions was α = 0.9408 and 
for ease/difficulty of implementing resilient actions was α = 0.7817.  Values of α > 0.7 
are considered reliable.  After identifying statistically significant differences between 
populations, we decided to further investigate using logistic regression, as we were not 
able to investigate all populations, such as age, level of education and level of income (as 
each of these are not binary and have multiple categories).  Our findings are described in 
detail here, organized by the remaining guiding research questions of our study and their 
respective analyses.  
How does preparedness vary between those who have experienced a natural hazard 
and those who have not? Male or female?  Homeowner or renter?  
Participants were asked “If affected by a natural hazard, how prepared would you 
feel in terms of…building safety (specific to each of the four natural hazards), evacuation 
  44 
route/plans (specific to each of the four natural hazards), emergency supplies (specific for 
all hazards), and financial reserve/savings (specific for all hazards).”  Choice options 
were on a 5-point Likert-scale, from “1 - Completely Unprepared” to “5 - Completely 
Prepared.”  Table 6 shows the descriptive statistics (mean and standard error) for those 
who have experienced a natural hazard and those who have not with respect to their level 
of preparedness for hazard specific actions.  Those who have experienced a natural 
hazard consistently indicated higher levels of preparedness than those with no experience.  
The significant actions were evacuation routes/plans for flooding (p = 0.020, d = 0.294), 
building safety for high wind events (p = 0.002, d = 0.364), and evacuation routes/plans 
for high wind events (p = 0.003, d = 0.352).  We used p < 0.05 as a threshold for 
significance.  While not a significant action, participants with no experience and those 
with natural hazard experience had similar responses to their level of preparedness with 
respect to financial reserve and savings.  Of the actions listed, wildfire building safety, 
earthquake evacuation routes/plans and financial reserve/savings for all hazards were 
noted as being the least prepared actions.  Homeowners indicated higher levels of 
preparedness than renters, with significant actions of building safety for floods (p = 
0.026, d = 0.219), evacuation routes/plans for high wind events (p = 0.042, d = 0.215), 
emergency supplies for all hazards (p = 0.019, d = 0.247) and financial reserve/savings 
for all hazards (p = 0.004, d = 0.317).   Effect size indicates the strength of the effect, in 
our case the difference between two population means.  Male participants had higher 
levels of preparedness compared to females with only two actions being statistically 
insignificant in this comparison.  These results indicate that homeowners and males 
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typically feel more prepared for natural hazards in terms of building safety, evacuation 
routes/plans, emergency supplies and financial reserve/savings.  Tables highlighting these 
variations are not included here, but may be found in Appendix B.  
  Table 6. Preparedness levels for participants with and without natural hazard experience 
 
  
 
    Experience 
No 
Experience     
Action   M SE M  SE pa db 
Building safety (specific for 
earthquakes) 
 
3.04 0.072 2.81 0.139 0.124 0.176 
Evacuation route/plans (specific for 
earthquakes) 
 
3.17 0.071 2.9 0.145 0.085 0.203 
Building safety (specific for floods) 
 
3.33 0.064 3.14 0.14 0.314 0.152 
Evacuation route/plans (specific for 
floods) 
 
3.39 0.066 3.01 0.146 0.020 0.294 
Building safety (specific for high 
winds) 
 
3.35 0.063 2.92 0.129 0.002 0.364 
Evacuation route/plans (specific for 
high winds) 
 
3.31 0.065 2.88 0.134 0.003 0.352 
Building safety (specific for wildfires) 
 
3.14 0.07 3.02 0.137 0.467 0.094 
Evacuation route/plans (specific for 
wildfires) 
 
3.22 0.07 2.99 0.145 0.148 0.174 
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Emergency supplies (specific for all 
hazards) 
 
3.34 0.065 3.16 0.138 0.300 0.145 
Financial reserve/savings (specific for 
all hazards)   
3.15 0.073 3.13 0.141 0.883 0.015 
Note. Responses provided on a scale from “1 - Completely Unprepared” to “5 – Completely 
Prepared.”  aSignificance calculated using Wilcoxon rank-sum tests. bEffect size calculated using 
Cohen’s d. 
Is there a significant difference in the level of ease in implementing resilient actions 
between particular populations?   
In addition to examining participants’ level of preparedness for specific actions, 
we also evaluated participants’ ease and/or difficulty in performing specific preparedness 
actions.  Participants were asked “How easy or difficult is it for you to take these 
actions?” to indicate the level of ease and/or difficulty of five actions on a 5-point Likert 
scale (1 - Extremely Easy to 5 – Extremely Difficult).  Those who had experienced a 
natural hazard on average considered these actions more difficult than those who had not 
experienced a natural hazard, as indicated in Table 7.  Perhaps this could be because 
those who have experienced a natural hazard could have been significantly impacted, 
with significant expenses making it more difficult to better prepare.  However, the sole 
action with statistical significance was ensuring continuity of school/employment (p = 
0.016, d = 0.267).   
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Table 7. Ease or difficulty of taking resilient actions for participants with and without 
natural hazard experience. 
            Experience 
No 
Experience     
Action M SE M SE pa db 
Establishing a financial reserve 3.35 0.072 3.13 0.128 0.121 0.170 
Preparing for natural hazards (e.g. 
emergency kit, evacuation routes) 
2.79 0.060 2.64 0.112 0.188 0.131 
Incorporating structural upgrades to 
home 
3.58 0.063 3.48 0.124 0.425 0.085 
Purchasing home insurance 2.64 0.073 2.44 0.140 0.164 0.151 
Ensuring continuity of 
school/employment 2.93 0.066 2.61 0.125 0.016 0.267 
Note. Responses provided on a scale from “1 – Extremely easy” to “5 – Extremely difficult.” 
aSignificance calculated using Wilcoxon rank-sum tests. bEffect size calculated using Cohen’s d. 
Homeowners on average considered these actions to be easier, whereas renters 
considered these actions more difficult to implement (Table 8).  Actions of statistical 
significance for homeowners and renters were incorporating structural upgrades to home 
(p = 0.012, d = 0.272), purchasing home insurance (p < 0.001, d = 0.398) and ensuring 
continuity of school/employment (p = 0.039, d = 0.329).  Unlike with levels of 
preparedness, we did not find significant differences between male and female 
participants in relation to ease and/or difficulty of performing certain resilient actions. 
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Table 8. Ease or difficulty of taking resilient actions for homeowners or renters. 
            Homeowner Renter     
Action M SE M SE pa db 
Establishing a financial reserve 3.23 0.077 3.47 0.106 0.098 0.191 
Preparing for natural hazards (e.g. 
emergency kit, evacuation routes) 2.74 0.064 2.80 0.092 0.579 0.059 
Incorporating structural upgrades to 
home 3.46 0.067 3.77 0.104 0.012 0.272 
Purchasing home insurance 2.45 0.075 2.97 0.121 0.000 0.398 
Ensuring continuity of 
school/employment 2.78 0.072 3.04 0.099 0.039 0.329 
Note. Responses provided on a scale from “1 – Extremely easy” to “5 – Extremely difficult.” 
aSignificance calculated using Wilcoxon rank-sum tests. bEffect size calculated using Cohen’s d. 
What factors do the general public believe are most important with regards to 
resilience?   
Survey participants were asked “Please rank the following factors with respect to 
their importance to resilience (1 being the most important factor, 5 being the least 
important factor) should a natural hazard occur where you live).” Choice options were (a) 
establishing a financial reserve, (b) preparing for natural hazards (e.g. emergency kit, 
evacuation routes), (c) incorporating structural upgrades to home, (d) purchasing home 
insurance, (e) ensuring continuity of school/employment.  An aggregate ranking score 
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average was used to determine the general public’s order of importance.  Most important 
factors, ranked as 1, were given a weight of 5, with the weight decreasing with 
importance.  The ranking average is calculated as follows: 
 
where w is the weight of the ranked position and x is the response count for the answer 
choice. 
Preparing for natural hazards (e.g. emergency kit, evacuation routes) was the top-
ranking factor, with establishing a financial reserve close behind.  Purchasing home 
insurance was ranked as the third most important factor, with incorporating structural 
upgrades to home closely behind, as the fourth most important factor.  Ensuring 
continuity of school/employment was ranked significantly lower than all other factors.  
Figure 2 provides indication of the magnitude of difference between each of the five 
factors. 
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Figure 2. Ranking average of factors and importance to being resilient 
What is the general public’s understanding of building resiliently?   
To investigate this guiding question, we asked participants to answer seven 
questions pertaining to structural measures and their effect on the overall strength of a 
structure—do they weaken or strengthen the structure?  The results indicated that for 
measures that weaken the overall strength of a structure, participants were unsure of the 
implications of each measure—as indicated by approximately half of participants 
selecting “Do not know.”  On average, 70% of participants correctly indicated measures 
that strengthen a structure (adding impact resistant windows, installing hurricane straps or 
anchor bolts, and adding high wind shutters).  However, when asked if “elevating the 
home above expected elevation” weakened or strength a home’s ability to withstand 
natural hazards, participants were unsure (32% indicating “Do not know”, 28% indicating 
it “weakens the structure” and 40% indicating it “strengthens” the structure).  These 
results indicate that participants do not have a very strong working knowledge of the 
effects of structural changes on the overall strength of their residential structure.   
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Participants were also asked to indicate their confidence of their responses for the 
seven questions pertaining to structural measures.  Approximately 56% of participants 
were confident in their responses, as indicated in Table 9.  Mean confidence level of 
correct structural measure responses on a 5-point Likert scale, ranging from not at all 
confident to very confident was 3.58 (SD 1.08). 
Table 9. 
Percentage of responses, mean scores and standard deviations of respondents’ confidence 
levels 
        Confidence levels 
    
Not at all 
confident       
Very 
Confident Mean (S.D.) 
    
1 2 3 4 5 
  How confident are you that 
you answered the items in 
question 12 correctly? 
4 12 28 34 22 3.58 (1.08) 
How does the general public perceive natural hazard resilience and the most 
effective action they can take to be more resilient?   
Respondents were asked two open-ended survey questions, “In your own words, 
provide a definition of resilience to natural hazards,” and “What do you think is the most 
effective action that you can take to minimize the impact of natural hazards?”  
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Descriptive coding was used to analyze these responses, establishing prevalent themes.  
Approximately 15% of participants responded with “preparedness” as the definition of 
resilience to natural hazards; responses most commonly referred to “ability” to withstand, 
recover from, or handle natural hazards.  A key term related to resilience is the ability to 
bounce back—of which only 4% of participants responded with “bounce back.”  We also 
observed that 11% of participants responded with “not sure,” an indication that outreach 
and education regarding resilience to natural hazards is necessary to lessen the amount of 
people who are unsure. However, one limitation of this descriptive coding was that not all 
responses could be grouped within a certain theme. A word cloud of participant responses 
indicates the more frequent responses by the font size of each of the words.  Figure 3 
indicates that “withstand” was a common response, as well as “ability”, “able”, and 
“prepared”, to name a few.  
 
Figure 3. Word cloud of responses to survey question that asked participants to 
provide their definition of resilience to natural hazards. 
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When asked for the most effective action, “preparedness” was the most common 
response, accounting for 33% of our participants; 10% of participants again responded 
with “not sure.”  Of concern, one response from a participant indicated he/she has “no 
time to think about that stuff.”  While this was only one response, it remains an indication 
that some people ignore natural hazards and the potential devastation they can bring.  
Figure 4 provides a word cloud of participant responses when asked for the most 
effective action to take to become more resilient. 
  
Figure 4. Word cloud of responses to survey question that asked participants to 
indicate the most effective action to become more resilient. 
Does the general public know their community’s level of resilience, or lack thereof? 
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Participants were asked, “Please indicate the level of resilience of your 
community (e.g. county).  Assume resilience is determined based on the following 
factors:  social resilience, economic resilience, community capital, institutional resilience, 
housing/infrastructural resilience, and environmental resilience.”  Responses were 
indicated on a Likert-type scale of 1 (low) to 5 (high).  Responses were then compared to 
the actual levels of resilience that were determined by Cutter et al. (2014).  Overall, 28% 
of participants correctly identified their county’s resilience level; with 40% of 
participants overestimating their county’s resilience level and 32% of participants 
underestimating their county’s resilience level.  Bear in mind that participants have an 
~20% of randomly selecting the correct level of resilience.   
Regression analyses 
In order to further investigate the predictive variables indicating levels of 
preparedness, ease/difficulty of performing resilient actions and perceptions of 
community resilience, we chose to extend the analysis by constructing generalized linear 
models with binomial distribution and logit link (binary logistic regression) using JMP 
Pro 12.1.0 statistical analysis software.  For each of these analyses, the outcome variable 
was binary (0 = Less prepared, 1 = More prepared; 0 = More difficult, 1 = Less Difficult; 
0 = Incorrect level of resilience, 1 = Correct level of resilience), while the predictor 
variables were a mixture of dichotomous and categorical variables:  FEMA region (which 
is a designation of the 10 regions within the United States), natural hazard experience, 
own/rent residence, gender, race/ethnicity, age, education, and income, 
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correctly/incorrectly identifying natural hazard risk.  Did any of these variables have an 
impact on participant’s preparedness levels, level of ease/difficulty, or knowledge of their 
community’s level of resilience? 
Significant predictors varied for level of preparedness, ease/difficulty of 
performing resilient actions and accurately perceived community resilience, as shown in 
Tables 11-13.  The odds ratio columns provide an estimation of the magnitude of effect 
for each of the statistically significant variables.  Variables with odds ratios <1 are 
negative predictors, indicating less likelihood of lower levels of preparedness, higher 
difficulty in performing resilient actions and in correctly perceived community resilience, 
while variables with odds ratios >1 are positive predictors, indicating more likelihood of 
lower levels of preparedness, higher difficulty in performing resilient actions and in 
correctly perceived community resilience.  So, for example, those in income level 1 (“Did 
not have an income”) are nearly six times more likely to be less prepared than those with 
>$170,000 annual income (Table 10), an observation we expect to see, as lower income 
levels do not necessarily have the financial means to become prepared.  Similar 
observations regarding income level were observed in the ease/difficulty of performing 
resilient actions regression analysis (Table 11).  Our results indicated that those in income 
level 2 (<$20,000) were nearly two and a half times more likely to have higher difficulty 
in performing resilient actions than those with >$170,000 annual income.   
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Table 10. Predictors of lower levels of preparedness for natural hazards using composite 
Likert-scale data 
  Est. SE L-R ChiSquare p Odds Ratio 
Intercept 1.028 0.454 10.034 0.002 2.797 
Age[3] -0.487 0.259 3.870 0.049 0.614 
Age[5] 0.889 0.362 7.685 0.006 2.433 
Gender[0] -0.264 0.126 4.945 0.026 0.768 
Income[1] 1.747 1.185 4.978 0.026 5.739 
Income[7] -1.336 0.551 7.818 0.005 0.263 
*p ≤ 0.05, **p ≤ 0.01, *** p ≤ 0.001 indicate statistical significance; DF = associated degrees of 
freedom (DF) for the difference between the Full and Reduced model; L-R ChiSquare = 
likelihood-ratio Chi-square test for the hypothesis that all regression parameters are zero; 
Prob>ChiSq = probability of obtaining a greater Chi-square value by chance alone if the specified 
model fits no better than the model that includes only intercepts.  
Table 11. Predictors of higher difficulty in performing resilient actions 
  Est. SE L-R ChiSquare p Odds Ratio 
Intercept 0.551 0.340 3.568 0.059 1.735 
Income[2] 0.879 0.357 7.167 0.007 2.408 
Education[5] -0.670 0.358 4.417 0.036 0.511 
Race/Ethnicity[0] 0.304 0.139 5.712 0.017 1.355 
Gender[0] -0.197 0.109 3.757 0.053 0.821 
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*p ≤ 0.05, **p ≤ 0.01, *** p ≤ 0.001 indicate statistical significance; DF = associated degrees of 
freedom (DF) for the difference between the Full and Reduced model; L-R ChiSquare = 
likelihood-ratio Chi-square test for the hypothesis that all regression parameters are zero; 
Prob>ChiSq = probability of obtaining a greater Chi-square value by chance alone if the specified 
model fits no better than the model that includes only intercepts.  
The independent variables age, gender, education, race/ethnicity, FEMA region 
and natural hazard experience were also predictors of lower levels of preparedness, 
higher difficulty in performing resilient actions and correct perceptions of community 
resilience.  For instance, higher education was a negative predictor of higher difficulty in 
performing resilient actions; whereas, residing in FEMA region IV was a positive 
predictor of correctly perceiving community resilience (Table 12). 
Table 12. Predictors of correct perceptions of community resilience 
  Est. SE L-R ChiSquare p Odds Ratio 
Intercept -0.745 0.361 5.999 0.014 0.475 
FEMA[4] 0.461 0.254 3.865 0.049 1.585 
Experience[0] 0.283 0.137 4.809 0.028 1.328 
Age[1] -0.924 0.505 4.846 0.028 0.397 
*p ≤ 0.05, **p ≤ 0.01, *** p ≤ 0.001 indicate statistical significance; DF = associated degrees of 
freedom (DF) for the difference between the Full and Reduced model; L-R ChiSquare = 
likelihood-ratio Chi-square test for the hypothesis that all regression parameters are zero; 
Prob>ChiSq = probability of obtaining a greater Chi-square value by chance alone if the specified 
model fits no better than the model that includes only intercepts.  
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Discussion 
In conjunction with our previous study, discovering the levels of preparedness 
participants believe they have, the ease/difficulty they face in performing resilient 
actions, the knowledge of structural mitigation measures, and the perceptions of 
resilience to natural hazard paired with the knowledge of their individual perceptions of 
hazard susceptibility creates a unique opportunity to observe the state of awareness, 
preparedness and the ability/lack thereof that the general public has when it comes to 
natural hazards.  Misperceptions of natural hazard risk were common findings from our 
survey, yet the general public feels somewhat prepared for natural hazards.  Our 
concern—incorrect perceptions present the assumption of incorrect methods of 
preparation, yet most participants feel somewhat prepared. 
Our data and theory combine to provide insights in to possible solutions to address this 
problem, in similar form as our study investigating perception of natural hazard risk.      
As with the results presented in our previous study, one potential approach to 
provide this insight is through education and outreach to select groups.  Target age 
groups that indicate less preparedness and more difficulty in performing resilient actions.  
For example, from our results, we noticed that older survey participants (55-64 years old) 
were more likely to be less prepared for natural hazards.  In contrast, those 35-44 years 
old were more likely to be more prepared for natural hazards.  Availability of natural 
hazard knowledge could be a potential issue for age groups.  The younger population is 
much more technologically dependent, with more advanced computer skills; whereas the 
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older population has a lack of basic computer skills and often negative attitudes about the 
Internet (Bonfadelli 2002). 
Target those who rent their primary residence.  From our results, homeowners 
were significantly more prepared than renters. Past research indicates potential reasons 
for less preparedness.  Renters tend to move more frequently, and most often may be 
focused on the short term, rather than thinking of the benefits of taking action to become 
more prepared.  Perhaps not having full responsibility of their primary residence is a 
reason renters are typically less prepared.  While renters may not financially be 
responsible for any natural hazard damage to their residence, simple actions taken to 
increase their preparedness, could in turn decrease the amount of damage accrued by their 
home.  It has been noted that many households have been found to ignore natural hazards 
(Tversky and Kahneman 1974).  Additionally, occupants of rental housing are more 
likely to have lower socio-demographic characteristics such as lower income, minority 
status, and little attachment to their community (Burby et al. 2003).  Providing outreach 
and education for large populations with increasing amounts of renters could help 
increase the awareness and preparedness of a population whose tendency is to ignore 
natural hazards.  
Target the female population.  In contrast to past research conducted on gender 
and natural disasters (among others, Enarson 2000), the mean level of preparedness for 
female survey participants was significantly less than males.  Females tend to have a 
proactive approach to preparedness—preparing the household for disaster, being active in 
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the neighborhood and school education and preparedness programs (Enarson 2000).  
However, from our study, we observed a female population with lower levels of 
preparedness than the male population.  Perhaps this is due to the physical, often 
strenuous nature of some measures/actions residents may take to increase their resilience 
(i.e. structural, labor-intensive changes).  Proper outreach and education for both genders 
would prove to be beneficial in improving the levels of preparedness across the general 
public, as females constitute 50.8% of the U.S. population (U.S. Census Bureau 2010).      
Target lower income levels.  Our results indicated that those with lower income 
were almost six times more likely to be less prepared and also have higher difficulty in 
performing resilient actions.  A reasonable assumption is that those with less income have 
less monetary resources to purchase preparedness materials.  More outreach efforts 
targeting these lower income levels, with alternative preparedness options (less 
expensive) could help improve the general public’s overall level of preparedness. 
As a whole, participants had some understanding of what it means to be resilient 
to natural hazards, and most believed that the most effective action they could take would 
be to be prepared.  Yet, these responses contrast our previous results, where most 
participants were not aware of their overall general risk to natural hazards—perhaps 
knowing they resided in an area subject to high winds, but not perceiving any risk to 
flood—but when asked the most effective action, responded with “preparedness.”  These 
results indicate that respondents know the importance of preparedness; they just are not 
as adequately knowledgeable of the actual risks they face—an issue that needs to be 
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addressed.  Incorrect preparedness, while a proactive action, has the ability to be as 
destructive as no preparedness at all.  
We recognize that no single solution will change public preparedness for natural 
hazards, yet our results further strengthen the justification for additional efforts to 
increase preparedness and improve the public’s perception of resilience. This study, like 
others, has many limitations; however, we recognize the limitations and note that the 
results highlight important matters that need to be addressed.  The researchers gave no 
monetary incentives to participants for response accuracy; SurveyMonkey Audiences 
instead gave small incentives to participants.  In addition, an Internet sample was used, 
which was not completely representative of the United States population.   
Methods 
Participants 
In late November 2015, 514 participants were recruited via SurveyMonkey 
Audience panel (https://www.surveymonkey.com/mp/audience/) to complete an online 
research survey, of which 416 participants provided completed responses of the survey.  
Upon completion, participants received small incentives from SurveyMonkey Audiences, 
rather than from the researchers.  The survey was restricted to participants located in the 
United States, age 18 and older that either owned or rented their primary residence.  The 
demographic characteristics of our survey sample are provided in Table 13.  
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  Table 13.  Survey sample demographic characteristics (N = 416) 
Demographic characteristic Sample (%) 
Gender  
  Female 52 
  Male 48 
Residential Status  
  Homeowner 70 
  Renter 30 
Age  
  1:  18-24 6 
  2:  25-34 21 
  3:  35-44 18 
  4:  45-54 14 
  5:  55-64 14 
  6:  65+ 25 
Race/Ethnicity  
  White 79 
  Other 21 
Education Level  
  1: Junior high or less 0 
  2: Some high school 1 
  3: High school diploma/GED 17 
  4: Some college, no degree 25 
  5: 2-year college degree 11 
  6: 4-year college degree 31 
  7: Post-graduate degree 16 
Income Level  
  1: Did not have income 3 
  2: < $20,000 12 
  3: $20,000 - $49,999 30 
  4: $50,000 - $79,999 30 
  5: $80,000 - $109,999 14 
  6: $110,000 - $139,999 5 
  7: $140,000 - $169,999 4 
  8: > $170,000 3 
Survey Materials 
 The complete survey is presented in Appendix A at the conclusion of this 
dissertation.  At the beginning of the survey, participants were asked to provide their zip 
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code, allowing for comparison of actual hazard data to their perceptions.  Upon gathering 
their zip code, participants answered a question regarding their perceived susceptibility to 
multiple natural hazards in the location of their primary residence, indicating which of the 
four types of hazards given could impact their area.  The following questions asked 
participants to indicate their level of hazard potential for four hazards (earthquakes, 
floods, high winds and wildfire).  Survey participants were then asked to rank their level 
of confidence regarding their responses using a 5-point Likert scale.  Discussion of these 
survey questions is not presented in this article, as these questions were the focus of a 
previous article. 
 The next portion of the survey, one of the areas of focus for this article, focused 
on each participant’s self-efficacy, related to natural hazard preparedness.  Participants 
were asked to indicate their level of preparedness with respect to building safety and 
emergency preparedness (knowing means of evacuation, emergency plans) for each of 
the natural hazards (earthquake, flood, high wind, wildfire) using a 5-point Likert scale (1 
being completely unprepared and 5 being completely prepared).  Self-efficacy was also 
measured by asking participants how easy or difficult it would be to take certain actions.  
This question was also measured using a 5-point Likert scale (1 being extremely easy and 
5 being extremely difficult).  In addition, participants were asked to rank five factors 
according to their importance to being resilient. 
       Next, participants were asked to indicate whether certain building measures 
weakened or strengthened a building’s ability to withstand a natural hazard.  Once again, 
participants were asked to indicate their confidence level. 
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            The remainder of the online survey asked participants questions related to their 
awareness of natural hazard programs in their community, their likelihood of 
participating in these programs, their definition of resilience and the most effective action 
they could take to minimize the impact of natural hazards.  Upon providing definitions of 
community resilience and social vulnerability, participants were asked to indicate their 
community’s (i.e. county) level of resilience and level of social vulnerability, using 
predetermined scales (Cutter et al. 2003; Cutter et al. 2014).  Participants were also asked 
to what extent they agreed or disagreed that the increase in intensity of natural hazard 
events is related to human activity.  The final questions in the survey provided 
researchers with participant demographics.  This research was approved by Clemson 
University’s Internal Review Board at the Clemson University Office of Research 
Compliance (ORC). 
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CHAPTER FOUR 
CREATING AN INDIVIDUAL RESILIENCE INDEX 
This chapter, unlike the previous two chapters, is not written in journal article 
format.  The information presented will be published in the future; however, currently it 
is meant to provide background and insight in to the creation of a self-assessment tool for 
individuals (i.e. homeowners/renters) that provides its users with the knowledge needed 
to become more resilient.   
Background  
Our survey results indicated significant discourse between public perception of 
susceptibility and risk and actual measurements of susceptibility and risk.  Additionally, 
survey respondents indicated mediocre levels of preparedness and levels of 
ease/difficulty in performing resilient actions.  Possible solutions to address these 
problems and additional problems discovered during our analyses were to target certain 
sub-populations of the general public (i.e. homeowner/renter, male/female, various 
income and education levels, and age groups).  While this is a relatively straightforward 
solution, each sub-population may need a different approach in order to be effective.  
Regardless of specific approach, outreach and education of natural hazard risk and 
methods of preparedness are essential in order to create a more aware population.   
 In 2010, through the National Oceanic and Atmospheric Administration and the 
Mississippi-Alabama Sea Grant Consortium, the need for a self-assessment tool for local 
coastal communities to increase awareness of natural hazard susceptibility was identified 
(Sempier et al. 2010).  This tool, the Community Resilience Index (CRI), asked its users, 
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typically community leaders, simple yes/no questions regarding various aspects related to 
coastal natural hazard resilience.  Through the CRI, estimates of the community’s ability 
to adapt to disaster are assessed, and areas that would help the community become more 
resilient are identified.  Communities receive an index rating of low, medium or high for 
six sections (critical infrastructure/facilities, transportation, community plans, mitigation 
measures, business plans and social systems) based upon the number of “yes” answers.  
This self-assessment tool is not meant to replace a detailed study, it is instead meant to 
encourage its users to seek more information about areas where improvement could be 
beneficial.  Currently, multiple resilience indices exist, all part of the Mississippi-
Alabama Sea Grant Consortium—Coastal Community Resilience Index (CRI), Fisheries 
Resilience Index (FRI), Tourism Resilience Index (TRI) and the Ports Resilience Index 
(PRI); however, none of these indices focus on individuals and coastal disasters are the 
only natural disasters assessed. 
 In contrast, FEMA IS-394:  Protecting Your Home or Small Business From 
Disasters is an independent study course provided for the general public and emergency 
management audiences by FEMA (FEMA 2005).  FEMA IS-394 addresses different 
types of natural hazards—flood, high winds (hurricanes and tornadoes), wildfires and 
earthquakes—providing specific mitigation measures an individual can take to protect 
their home or business against each, both structural and non-structural.  Each chapter 
pertains to one of the four natural hazards mentioned and asks users a series of self-
assessment questions, also giving users a short quiz to test their knowledge.  Success 
stories and additional resources are included in each chapter as well.  While FEMA IS-
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394 does allow users to self-assess their risk to certain natural hazards, it does not provide 
an estimate of resilience as the CRI does. 
Creating an Individual Resilience Index  
Both of these tools provide users with valuable information, yet only coastal 
communities are able to utilize the community resilience index to assess their overall 
resilience and FEMA IS-394 improves its users’ awareness of multiple natural hazards, 
yet does not provide its users with an estimate of their individual resilience.  Because 
neither of these self-assessment tools provided users with an estimate of resilience with 
respect to multiple natural hazards, it became evident to us that a new self-assessment 
tool was necessary.  Thus, the individual resilience index (IRI) was created.  Our intent in 
creating this index was to combine the CRI and FEMA IS-394 to provide users, in this 
instance, individuals, with a self-assessment tool outputting an estimate of resilience 
relatable to four different types of natural hazards:  earthquakes, floods, high winds and 
wildfires.  We decided to incorporate the simple, binary construct of the community 
resilience index with the assessment of multiple natural hazards of FEMA IS-394 to give 
users the combined benefits that each of these resources provide individually.  The IRI is 
in the preliminary stages and will require multiple rounds of feedback and edits from 
those in the natural hazard industry and academia; however, the preliminary design of it 
is included in this dissertation to provide an indication of progress.  It should be noted, 
that just as the CRI is not meant to replace a detailed research study, the IRI is also not 
meant to replace a detailed research study.  The structural, non-structural and personal 
measures in the IRI are not equivalent to one another with respect to their effect on 
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individual resilience.  For example, securing your furniture and bracing your cripple 
walls (for earthquakes) are not equal factors of resilience.  The IRI measures are instead 
meant to create awareness of potential proactive actions at varying levels for a variety of 
hazards. 
Individual Resilience Index (IRI) framework  
The proposed IRI is composed of four sections for each of the four natural 
hazards that were assessed in this study:  earthquake, flood, high winds and wildfire.  
Within each section, questions related to personal, non-structural and structural 
actions/measures are asked.  Users will first indicate if their primary location is located in 
a moderately (or higher) susceptible location respective to each natural hazard, which 
they will determine by locating their location on given hazard maps.  If “yes” is chosen, 
users will continue to answer the questions pertaining to a particular hazard.  If “no” is 
chosen, users will skip the section and move on to the next natural hazard section.  A 
flowchart indicating how users will progress through the IRI sections is shown on the 
following page (Figure 5).   
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Figure 5.  Indivdiual Resilience Index:  the Individual Resilience Index is divided into the four 
natural hazards assessed in this study, and further stratified by personal actions/measures, non-
structural measures and structural measures.  Users answer simple yes/no questions which help 
determine an estimate of their indvidiual resilience. 
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Within each natural hazard section, actions and measures individuals may take to 
increase their resilience are presented through yes/no questions.  These questions relate to 
non-structural measures, structural measures and personal measures.  Further information 
regarding each of these types of measures follows. 
Non-structural measures 
Non-structural measures for the IRI are identified as measures that a homeowner 
or renter or anyone may take that do not require structural changes to their residence.  
These measures are typically low-cost or no cost to the homeowner or renter.  For 
example, to prepare for potential earthquakes, fastening your water heater to the wall 
with earthquake straps is considered a non-structural measure.  
Structural measures 
Structural measures for the IRI are identified as measures that a homeowner or 
renter may take that require structural changes to their residence.  These types of 
measures can be costly, although they do increase the strength of the structure, providing 
further protection in the event of a natural hazard.  Examples of structural measures are:  
bracing cripple walls (earthquake), elevating your home (flood), installling hurricane 
straps (high winds) and replacing your roof with fire-resistant or non-combustible roofing 
materials.  
Personal measures 
Personal measures for the IRI are identified as measures that identify with the 
user’s awareness of their risk.  These questions implore whether users know their risk, 
know what to do in the event of each specific hazard and whether users are personally 
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prepared (i.e. having an emergency kit).  These questions do not pertain to the user’s 
residence as non-structural and structural measure questions do.  
Resources 
 There are multiple resources available to the general public with tips on 
preparedness and planning for each of the mentioned natural hazards.  Online resources 
such as FEMA (fema.gov), the Department of Homeland Security (DHS) (ready.gov) and 
other governmental agency websites provide many resources for each of the natural 
hazards assessed in this study.  FEMA IS-394 provides its users with a list of additional 
resources.  Similarly, we plan to include lists of additional resources for each of the 
hazards assessed in the IRI. 
Index Scoring 
Using the binary approach of the CRI, the IRI only asks users yes/no questions.  
Users tally the number of “yes” responses, which in turn helps identify their individiual 
level of resilience at the end of the self-assessment.  Each of the IRI questions are treated 
equally; however, this generalization does not imply that each measure provides the same 
amount of resilience.  The IRI is meant to create awareness among its users.  Before 
answering non-structural, structural and personal questions for each natural hazard, users 
are asked if their location is susceptible to the particular hazard.  Only if their location is 
susceptible do users answer the subsequent questions.  Because locations may not be 
susceptible to all four of the natural hazards assessed in the IRI, the scoring index must 
be able to accommodate.  For instance, if the user is only susceptible to two hazards, 
flood and high wind, he/she would use the row labeled “2 hazards” in Table 14 to 
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identify his/her level of resilience based upon their total number of “yes” responses.  This 
index score is only meant to give its users a simple awareness of their resilience to natural 
hazards and to provide them with resources to make proactive changes.          
Table 14. Individual Resilience Index scoring matrix 
 Level of Resilience 
Susceptibility to: Low Medium High 
1 hazard 0 - 4 “Yes” 5 - 8 “Yes” 9 - 12 “Yes” 
2 hazards 0 - 8 “Yes” 9 - 16 “Yes” 17 - 24 “Yes” 
3 hazards 0 -12 “Yes” 13 - 24 “Yes” 25 - 36 “Yes” 
All 4 hazards 0 - 16 “Yes” 17 - 32 “Yes” 33 - 48 “Yes” 
 
The remainder of this chapter provides the preliminary framework of the IRI, with 
supplementary information about each hazard and the damages it is capable of causing.  
Each hazard section begins by asking users if their location is susceptible to the hazard.  
Users are directed to find their location on the provided hazard map or are directed to a 
hazard-specific GIS map layer (where they input their zip code) to determine their level 
of susceptibility to the hazard being assessed.  If users find that they are susceptible to the 
hazard in question, they are directed to answer twelve yes/no questions related to non-
structural, structural and personal measures that if taken help strengthen individual 
resilience.  Once users have answer the questions relative to their hazard susceptibilty, 
they are able to tally their “yes” responses to determine their self-assessed Individual 
Resilience Index. 
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Earthquake 
 
Should you be concerned about earthquakes?  The simple answer is yes.  Unlike other 
disasters, such as hurricanes and tornadoes, earthquakes can occur with no warning at all 
and they are not predictable.  While most people are aware that California (and the West 
Coast) is at high risk for earthquakes, other areas of the United States have earthquake 
risk as well.  Do you know the amount of risk your location has for earthquakes?  This 
Individual Resilience Index is meant to help you realize your risk and take action to 
prepare.  Follow the tasks below to determine your level of resilience for earthquakes.    
 
Tasks to complete the earthquake assessment: 
 
o Using the map on the following page, find your location. 
o Is your location moderately (yellow, orange, red or pink) susceptible to 
earthquakes?  If so, please answer the yes/no questions that follow the hazard map 
on the next page.   Otherwise, leave these questions blank. 
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Figure 6. USGS map indicating levels of earthquake hazard. 
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Table 15. Measures to determine resilience to earthquakes. 
Non-Structural Yes No 
Do you have heavy furniture secured?     
Are loose items and equipment secured (i.e. stoves, ovens, diswhashers, 
refrigerators, freezers, washer/dryer)?     
Is your water heater fastened to the wall with earthquake straps?     
Are any propane/fuel tanks secured?     
Are gas connections flexible?     
Are freestanding or hanging artwork pieces adequately fastened to the wall?     
Structural 
  Are the sill plates of your home bolted to the foundation?     
Are cripple walls braced?     
Is your chimney secured to the roof framing?     
Personal 
  Did you know you were at risk for earthquakes?     
Do you know what to do in the event of an earthquake?     
Do you have an emergency kit with food, water and other supplies?     
Total Number of Yes and No responses   
 
Resources: 
• Ready.gov -  explains the actions to take before, during and after an earthquake 
• America’s PrepareAthon! 
• The Great ShakeOut 
• Federal Emergency Management Agency 
• U.S. Geological Survey Earthquake Hazards Program 
• American Red Cross 
• Earthquake Country Alliance 
• National Science Foundation 
• National Institute of Standards and Technology 
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FLOOD 
 
Should you be concerned about flooding in your area?  The simple answer is yes.  Unlike 
more predictable disasters, such as hurricanes, flash flooding can occur with little to no 
warning.  Areas of lower elevation and those near bodies of water are more susceptible to 
flooding; however, any location in the United States could be subjected to flash flooding 
if heavy rains occur during a short period of time.  Do you know the amount of risk your 
location has for flooding?  This Individual Resilience Index is meant to help you realize 
your risk and take action to prepare.  Follow the tasks below to determine your level of 
resilience for floods.    
 
 
Tasks to complete the flood assessment: 
 
o Insert your zip code in to the search bar (where the red arrow is located) using the 
following link—Flood Hazard map layer  
o Is your home located in a flood zone of concern, known as a special flood hazard area 
(SFHA)?   
 
SFHA flood zones are as follows:  Zone A, Zone AO, Zone AH, Zones A1-A30, 
Zone AE, Zone A99, Zone AR, Zone AR/AE, Zone AR/AO, Zone AR/A1-A30, 
Zone AR/A, Zone V, Zone VE, and Zones V1-V30.   
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o If your home is located in Zone B or X (shaded) you are in a moderate flood hazard 
area, and if your home is located in Zone C or X (unshaded), you live in an area with 
minimal flood risk—you do not need to complete the flood assessment. 
o If you reside in any of the SFHA zones, please answer the yes/no questions that 
follow.  Otherwise, leave these questions blank. 
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Figure 7. Screenshot of FEMA’s National Flood Hazard GIS layer; Access available at:  
https://fema.maps.arcgis.com/home/item.html?id=cbe088e7c8704464aa0fc34eb99e7f30 
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Table 16. Measures to determine resilience to floods.
Non-Structural Yes No 
Have you installed flood vents? 
Do you have flood insurance? 
Is your HVAC equipment elevated or floodproofed? 
Are your electric outlets, main switch box, light sockets, baseboard heaters 
and wiring elevated? 
Are your washer/dryer elevated? 
Structural 
Has your home been dry floodproofed? 
Is your house elevated? 
Have you relocated your structure above projected flood levels? 
Personal 
Did you know you were at risk for flooding? 
Did you know the flood zone your residence is located in prior to today? 
Do you have an emergency kit with food, water and other supplies? 
Do you have a plan if you were to experience flooding? 
Total Number of Yes and No responses 
Resources: 
• NFIP – information about the National Flood Insurance Program, and additional
resources
• https://www.floodsmart.gov/floodsmart/
• Ready.gov -  explains the actions to take before, during and after a flood
• Ready.gov & America’s PrepareAthon! Flood Safety Social Media Toolkit
• National Weather Service
• American Red Cross
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HIGH WIND 
Should you be concerned about high wind events, such as hurricanes or tornadoes, in 
your area?  The simple answer is yes.  Approximately 53% of the United States 
population lives along the U.S. coastline and could be subjected to hurricanes and/or 
tsunamis.  The remainder of the United States is at some risk to other types of severe 
wind events, such as tornadoes.  While both hazards are predictable, the amount of time 
before the hazards occur differs.  Hurricanes are natural hazards that provide more lead-
time to prepare (a couple days), whereas tornadoes have a much smaller window to 
prepare (approximately 10 minutes). Do you know the amount of risk your location has 
for high wind events?  This Individual Resilience Index is meant to help you realize your 
risk and take action to prepare.  Follow the tasks below to determine your level of 
resilience for high winds.    
Tasks to complete the high wind assessment: 
o Using the map on the following page, find your location.
o Is your home located in an area of high wind risk (Zones 2, 3 or 4)?  If so, please
answer the yes/no questions that follow the hazard map. Otherwise, leave these
questions blank.
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Figure 8. Map of wind zones from FEMA 361 
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Table 17. Measures to determine resilience to high winds. 
Non-Structural Yes No 
Do you regularly remove trees/branches that could fall on your home or on 
power lines? 
Do you regularly identify and repair loose/damaged building components? 
Do you bring in outdoor furniture and/or other property not anchored to the 
ground when severe storms occur? 
Structural 
Do you have hurricane straps installed, providing a roof-to-wall connection? 
Do you have anchor bolts installed, providing a wall-to-foundation 
connection? 
Are your garage doors reinforced? 
Do you have window protection (boarded windows, storm shutters, etc.)? 
Are your doors reinforced? 
Do you have a basement, storm shelter, or safe room? 
Personal 
Did you know you were at risk for high winds? 
Do you have an evacuation/stay-in-place plan?  (i.e. Do you know your 
evacuation route?  Do you know the best room in your house to hide in the 
event of a tornado?) 
Do you have an emergency kit with food, water and other supplies? 
Total Number of Yes and No responses 
Resources: 
Tornado 
• Safe Rooms – information regarding definition of safe rooms, design and construction
guidelines, knowing your risk for tornadoes and high winds
• Ready.gov –  explains the actions to take before, during and after a tornado
• American Red Cross – information about preparation, during and after a tornado
• Texas Tech University Wind Engineering Research Center
• NIST Disaster Studies
• American Red Cross
• Storm Prediction Center
• U.S. Small Business Administration
• America’s PrepareAthon - Tornadoes
• Tornadoes: Being Prepared
• The Tornado Project
• Before, During and After a Tornado
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• National Weather Service
• High Wind Safe Rooms
• Federal Alliance for Safe Homes (FLASH)
• International Code Council (ICC)
• Insurance Institute for Business & Home Safety
Hurricane 
• Ready.gov – explains the actions to take before, during and after a hurricane
• National Hurricane Center - preparedness tips and resources from the National
Hurricane Center 
• Insurance Institute for Business & Home Safety
• Federal Alliance for Safe Homes (FLASH)
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WILDFIRE 
Should you be concerned about wildfire events occurring in your area?  The simple 
answer is yes.  While most think of wildfires as only occurring in densely populated 
forests, a wildfire can occur right at your home.  It is important to use fire-resistant 
materials when constructing your home, and do not forget about using fire-resistant 
vegetation in your yard.   Do you know the amount of risk your location has for wildfire?  
This Individual Resilience Index is meant to help you realize your risk and take action to 
prepare.  Follow the tasks below to determine your level of resilience for wildfire.    
Tasks to complete the wildfire assessment: 
o Insert your zip code in to the search bar (where the red arrow is located) using the
following link—Wildfire Hazard Potential map layer
o Is your home located in an area of wildfire risk (moderate (yellow) or higher
(orange and red))? If so, please answer the following yes/no questions.
Otherwise, leave these questions blank.
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Figure 9. Screenshot of Wildfire Hazard Potential GIS layer; Accessed at:  
http://usfs.maps.arcgis.com/home/webmap/viewer.html?layers=86bdf78a665e40d09810d
1f1b6a341f2  
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Table 18. Measures to determine resilience to wildfires. 
Non-Structural Yes No 
Do you regularly clean your roof/gutters? 
Do you inspect your chimney at least twice a year? 
Do you clean your chimney at least once a year? 
Do you have 1/2-inch mesh screen beneath porches, decks, etc.? 
Have you installed protective shutters? 
Have you planted fire-resistant shrubs and trees? 
Do you have a safety zone around your home? 
Structural 
  Is your roof and/or exterior structure made of fire-resistant or non-
combustible materials, such as (provide example here)? 
Do you have double-paned or tempered glass exterior windows? 
Personal 
Did you know you were at risk for wildfire? 
Do you have fire escape routes from your home? 
Do you have smoke alarms installed in your home? 
Total Number of Yes and No responses 
Resources: 
• Fire Adapted Communities / Ready, Set, Go! – these complementary campaigns focus
on the “whole community” approach to preparing for wildfires, with tailored 
resources so everyone in the community understands their role and what they can 
do to reduce the overall risk. 
• Fire Adapted Communities Learning Network – created to increase the sharing of
learning and innovations related to community wildfire resilience and those 
applying fire adapted community concepts. 
• National Interagency Fire Center – provides various fire mitigation outreach resources
for the fire management community, including a Communicator’s Guide to Fire 
Mitigation,  Wildfire Prevention Event Marketing Guide, and Wildfire Prevention 
Event Management Guide 
• Bureau of Land Management-Fire and Aviation
• FEMA’s At Home in the Woods-Lessons Learned in the Wildland/Urban Interface
• US Forest Service
o National Database of State and Local Wildfire Mitigation Programs
o What Motivates Homeowners to Reduce their Wildfire Risk?
• Additional resources are also available by state - https://www.fema.gov/wildfire-
mitigation-faqs-and-resources#
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• Firewise Communities – this NFPA program teaches people how to adapt to living with
wildfire and encourages neighbors to work together and take action now to prevent
losses.
• Ready.gov – explains the actions to take before, during and after a wildfire
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CHAPTER FIVE 
CONCLUSIONS  
Summary of Research Findings 
The overall research study presented in this thesis has investigated the public 
perception of general risk to natural hazards, as well as the public perception of natural 
hazard resilience.  This work, and future work, has the potential to better inform and 
improve upon natural hazard risk and resilience awareness among United States citizens, 
directing appropriate outreach and education tools to the audiences in which they will be 
most effective.  The results reinforce the need for better promotion of the many natural 
hazard educational resources already in existence, as our results indicated significant 
discourse between actual risk/risk levels and the perceptions of the general public. 
Unlike in previous studies, participants in this study answered survey questions 
exploring their knowledge and awareness of risk to four types of natural hazards, as well 
as their levels of preparedness and knowledge of residential structural mitigation 
measures.  Additionally, the results gathered in this study were collected from residents 
throughout the United States, a sample that has not been thoroughly investigated with 
respect to natural hazard perceptions.     
General perception of risk is waning, perhaps because most locations have not 
experienced catastrophic disaster and are under the impression that it [natural hazard] will 
not happen to them.  Our results identified predictive characteristics of those who 
underestimate their general risk to natural hazards, characteristics that if targeted 
appropriately could aid in increasing awareness of natural hazard risk. 
89 
Differences between sub-groups further indicate that outreach and educational 
tools need to be tailored to specific audiences, or at the very least marketed to audiences 
with the most need.  Many resources exist, but the push to market them to certain 
audiences may be lacking.   
Additionally, we see that various groups are less likely to be prepared for natural 
hazards.  Renters are less likely to be prepared for potential natural hazards, as they tend 
to move more frequently, focusing on the short-term, rather than thinking of the small, 
inexpensive actions they could take to become more prepared, and potentially save their 
belongings and provide themselves with personal safety in the event of a natural hazard.  
Low-income populations are less likely to have the means to become more 
prepared—how can we aid those who financially cannot take most measures/actions to 
become more resilient to natural hazards?  Certain regions within the United States are 
more likely to underestimate their risk, as we discovered by investigation of FEMA 
regions, creating populations with potentially inaccurate measures of preparedness and 
awareness.       
Regardless of demographic characteristics, our nation needs to have an accurate 
perception of the natural hazard risks they face each year, not just perceptions of the most 
dominant hazard in their location, and have easy access to resources and tools to better 
prepare.  The results of our study further validate results from past studies—certain 
groups of people are more at risk.  Yet regardless of socio-demographic situations, 
becoming complacent because they believe it [natural hazard] will never happen to them, 
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or not even realizing that they are susceptible, is an attitude/belief/perception that needs 
to be drastically diminished in our society. 
As a product of this research, to help combat the lack of awareness of 
susceptibility to natural hazards, a new outreach tool was presented.  This tool, the 
Individual Resilience Index (IRI), a combination of the Community Resilience Index 
(CRI) created by the Mississippi-Alabama Sea Grant Consortium and FEMA IS-394:  
Protecting Your Home or Small Business From Disasters, is meant to provide 
individuals, such as homeowners or renters, with a simple resource that once completed 
provides them with an estimate of their individual resilience.  The intent of the IRI is for 
users to recognize areas where they can improve and further increase their resilience to 
natural hazards.  The IRI serves as a guide to foster awareness and to direct its users to 
other resources with supplemental information. 
The findings from this research further validate findings from singular location, 
singular hazard research studies.  Our research provided much needed information about 
risk and resilience from a national scale, a contribution that will hopefully inspire more 
natural hazard risk and resilience research.  If we are able to better predict those likely to 
be underprepared, perhaps we can invest more time and resources to create a better-
prepared society.    
Limitations of this study 
This research study has multiple limitations, each of which was taken in to 
consideration and was duly noted when analyzing the survey results. 
Online Sample 
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The sample used for this study was first and foremost an online sample.  Survey 
responses were elicited through SurveyMonkey Audiences and were not truly random, as 
survey responses to the U.S. Census or American Housing Survey are.  In this regard, the 
sample is not truly nationwide, because the survey elicitation was only extended to 
SurveyMonkey panel members, although 48 of the 50 United States were represented.  In 
true survey form, participants should be randomly selected; however, with 
SurveyMonkey Audiences participants were semi-randomly selected.  All survey 
participants were SurveyMonkey panel members; yet, from the large number of 
SurveyMonkey panel members, our sample was randomly selected (per fitting the survey 
audience criteria).  While a truly random sample is most ideal, it is also perhaps the most 
expensive option.  Therefore, we decided that our sample, while not truly random, 
satisfied our criteria and provided us with a much less expensive option for data 
collection. 
Margin of error 
With a sample size of 400 people, we were subjected to a margin of error of +/- 5%.  
With larger sample sizes, less margin of error occurs; however, larger sample sizes 
require more of an upfront cost.  Little change in margin of error occurs between sample 
sizes of 400 and sample sizes of 1000.  For this reason, we chose to have a sample size of 
approximately 400 participants in order to limit the margin of error to +/- 5%.      
Level of data specificity varies 
When comparing survey responses to actual natural hazard risk levels for 
earthquake, flood, high wind and wildfire, we discovered that the specificity in obtaining 
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actual hazard risk levels were not comparable between hazards.  Earthquake and high 
wind risk levels were determined by pinpointing survey participant locations on 
earthquake and high wind hazard maps.  In contrast, flood and wildfire risk levels were 
determined by inputting survey participant zip codes in to hazard specific GIS layers, 
which provided more specific and accurate actual risk levels than those obtained for 
earthquake and high wind hazard risk.  The level of specificity does not affect survey 
responses, nor negatively affect our comparative analyses; however, we wanted to 
acknowledge that we recognized the varying levels of specificity.   
Future Work 
 This thesis has attempted to add to the literature currently existing on the public 
perception of natural hazard risk and resilience.  From the results gathered and presented 
in this thesis, future research questions and areas of interest have also emerged: 
1) Specifically, how can we improve public perception of natural hazard risk and 
resilience?   
2) During what stage does realizing your hazard risk occur—prior to moving, after 
moving, before experiencing a natural hazard, after experiencing a natural hazard?   
3) What perceptions and levels of awareness do new residents in major, metropolitan 
cities have with respect to natural hazards? 
4) What perceptions and levels of awareness do new residents in rural areas have 
with respect to natural hazards? 
Answers to these, and other future questions have the potential to provide insight in to 
improving our nationwide perceptions of risk to natural hazards, an in turn increase 
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nationwide resilience.  The outreach tools and resources are available to the general 
public, yet how many people regularly use these resources?  It is our intent in this study 
to highlight that even with the available tools and resources, society is still not as aware 
of natural hazard risk as it should be.  Perhaps the results presented here will aid in new 
methods of distributing already available knowledge.  
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APPENDIX A:  SURVEY INSTRUMENT 
Natural Hazard Resilience: Assessing Public Perceptions to Increase Preparedness 
and Awareness at an Individual Level  
Leidy Klotz, along with Audra Kiesling, is inviting you to participate in a research 
study. Leidy Klotz is an associate professor of Civil Engineering at Clemson 
University. Audra Kiesling is a graduate student at Clemson University, running this 
study with the assistance of Leidy Klotz. The purpose of this research is to assess the 
general public’s perceptions of resilience to natural hazards, through social, economic 
and building infrastructure lenses. 
Your part in the study will be to respond to survey questions. It will take you about 30 
minutes to participate in this study. 
We do not know of any risks or discomforts to you in this research study, nor do we 
know of any way you would benefit directly from participating in this study. However, 
from this study, we hope you become more aware and prepared for the natural 
hazards that may affect you or your home. 
The researchers are not offering incentives. Any incentives given for completing this 
survey will be given to you by SurveyMonkey, the survey building software used to 
create, distribute and recruit survey participants for this study. 
We will do everything we can to protect your privacy and confidentiality. We will not 
tell anybody outside of the research team that you were in this study or what 
information we collected about you in particular. 
You do not have to be in this study. You may choose not to participate and you may 
choose to stop participating at any time. You will not be punished in any way if you 
decide not to be in the study or to stop taking part in the study. 
If you have any questions or concerns about this study or if any problems arise, please 
contact Leidy Klotz or Audra Kiesling at leidyk@clemson.edu or 
akiesli@clemson.edu. 
If you have any questions or concerns about your rights in this research study, please 
contact the Clemson University Office of Research Compliance (ORC) at 864-656-
0636 or irb@clemson.edu. If you are outside of the Upstate South Carolina area, 
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please use the ORC’s toll-free number, 866-297- 3071. 
Clicking on the "agree" button indicates that: 
• You have read the above information
• You voluntarily agree to participate
• You are at least 18 years of age
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You may print a copy of this informational letter for your files. 
1. Do you agree to take part in this research study?
Yes 
No
2. Please enter the zip code of your primary residence in the space provided below.
ZIP: 
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3. What natural hazard(s) are you susceptible to at your primary residence?
Earthquakes
Floods 
High Winds (e.g. hurricanes, tornadoes) 
Wildfires 
None 
Other (please specify) 
4. According to the Federal Emergency Management Agency (FEMA), my primary residence has the following
likelihood of experiencing an earthquake:
If you are unsure, please make your best guess. 
Very small probability 
Could experience shaking of moderate intensity Could 
experience strong shaking 
Could experience very strong shaking 
Near major active faults capable of producing the most intense shaking 
5. According to FEMA, my primary residence is located in this flood zone:  If you are unsure, please make your best guess.
Special Flood Hazard Area (SFHA): Zones A, AO, AH, A1-30, AE, A99, AR, AR/A1-30, AR/AE, AR/AO, AR/AH, AR/A, VO, V1-30, 
VE, and V 
Zone B 
Zone X (moderate) 
Zone C 
Zone X (minimal) 
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6. According to FEMA, my primary residence is located within the following wind zone (please check all that apply):
If you are unsure, please make your best guess. 
Zone I - max 130 mph 
Zone II - max 160 mph 
Zone III - max 200 mph 
Zone IV - max 250 mph 
Special Wind Region 
Hurricane-Susceptible Region 
7. According to the USDA Forest Service, my primary residence has the following potential to be impacted by a
wildfire:
If you are unsure, please make your best guess. 
  Very low 
  Low 
  Moderate 
High 
  Very high 
8. How confident are you that you answered questions 4-7 correctly?
Not at all confident (1) 2 3 4 Very confident (5)
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9. If affected by a natural hazard, how prepared would you feel in terms of:
Completely 
unprepared 
(1) 2 3 4 
Completely 
prepared 
(5) 
Evacuation route/plans (specific for earthquakes) 
Evacuation route/plans (specific for floods) 
Evacuation route/plans (specific for high winds) 
Evacuation route/plans (specific for wildfires) 
Financial reserve/savings (specific for all hazards) 
10. How easy or difficult is it for you to take these actions?
Extremely 
easy (1) 2 3 4 
Extremely 
difficult (5) 
Preparing for natural hazards (e.g. emergency kit, 
evacuation routes) 
Purchasing home insurance 
11. Please rank the following factors with respect to their importance to resilience (1 being the most important
factor, 5 being the least important factor) should a natural hazard occur where you live:
Building safety (specific for floods) 
Building safety (specific for high winds) 
Building safety (specific for wildfires) 
Emergency supplies (specific for all hazards) 
Establishing a financial reserve 
Preparing for natural hazards (e.g. emergency kit, evacuation routes) 
Incorporating structural upgrades to home 
Purchasing home insurance 
Ensuring continuity of school/employment 
Building safety (specific for earthquakes) 
Establishing a financial reserve 
Incorporating structural upgrades to home 
Ensuring continuity of school/employment 
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12. How do the following choices affect the ability of a residential structure to withstand the natural hazards in your
area?
Do not know Weakens the structure Strengthens the structure 
Adding impact-resistant 
windows 
Changing a hip roof to a 
gable end roof 
Installing connections 
such as hurricane ties 
and anchor bolts 
13. How confident are you that you answered the items in question 12 correctly?
Not at all confident (1)    2   3   4   Very confident (5)
14. Do you think others in your community know about natural hazard information relevant to the area (within a
50-mile radius)?
Yes 
No
Do not know
15. Are you aware of any programs that aid in preparing your home or community for natural hazards?
Yes 
No
16. If you know the name of these programs, please list them here.
Changing a two-door 
garage to one large 
garage door 
Changing exterior doors 
that open outward to 
opening inward 
Elevating the home 
above expected 
elevation 
Adding high wind 
shutters 
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17. How likely are you to use these programs that aid in preparing for natural hazards? If you do not know of any
programs, please choose 'Not applicable'.
  Not likely at all (1)   2   3   4   Very likely (5)   Not applicable 
18. Which of the following natural hazards have you experienced? Please check all that apply.
Earthquake Flood
High Wind (e.g. hurricane/tornado)
Wildfire
None
Other (please specify)
19. In your own words, provide a definition of 'resilience to natural hazards' in the box below.
20. What do you think is the most effective action that you can take to minimize the impact of natural hazards?
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In order to help you answer the following questions, definitions of community resilience and social 
vulnerability are given. 
Community resilience can be defined as "the ability of a community to prepare and plan for, absorb, recover 
from, and more successfully adapt to actual or potential adverse events in a timely and efficient manner including 
the restoration and improvement of basic functions and structures." (Cutter et al. 2014) 
Social vulnerability can be defined as "the susceptibility to harm from the risk posed by hazard events at a 
particular location as well as the potential for social disruption from such events. The level of vulnerability 
associated with a place is composed of the social, physical, and built environment characteristics that make a 
place more susceptible to risks and hazards and influence the ability to recover from them. It includes those 
socioeconomic factors and processes that either hinder or enable a person’s or place’s ability to respond to and 
recover from hazardous events." (Borden et al. 2007) 
21. Please indicate the level of resilience of your community (e.g. county). Assume resilience is determined based on the
following factors: social resilience, economic resilience, community capital, institutional resilience,
housing/infrastructural resilience, and environmental resilience.
Low (1) 2 Medium (3) 4 High (5) 
22. Please indicate your community's (e.g. county) level of social vulnerability to natural (environmental) hazards.
Low Medium High
23. To what extent do you agree or disagree that the increase in intensity of natural hazard events is related to
human activity?
Strongly disagree (1) 2 3 4 Strongly agree (5) 
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Now we just have a few demographic questions. Your responses will be aggregated and are only for statistical 
purposes. Your responses will remain completely confidential. 
24. What is your age?
18-24
25-34
35-44
45-54
55-64
65+ 
25. Do you own or rent your primary residence?
Own
Rent
26. Please indicate your gender.
Female
Male
Other (please specify)
27. Please specify your race/ethnicity. Check all that apply.
White
Hispanic or Latino
Black or African American
Native American or American Indian
Asian/Pacific Islander
Other/Mixed Race
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28. What is the highest level of education that you have completed?
Junior high school or less (1st to 8th grade)
Some high school
Graduated high school or earned GED
Some college or technical school, but no degree
Two-year college degree
Four-year college degree
Post-graduate degree (Ph.D., MD, etc.)
29. During 2014, what was your yearly household income before tax? Your best estimate is fine.
Did not have an income
<$20,000
$20,000-$49,999
$50,000-$79,999
$80,000-$109,999
$110,000-$169,999
>$170,000
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APPENDIX B:  ADDITIONAL ANALYSES 
Overestimation of general natural hazard risk stratified by specific risk (binary logistic regression results) 
Table 19. Predictors of overestimated perceptions of general hazard susceptibility 
Est. SE L-R ChiSquare p Odds Ratio 
Earthquake 
Intercept -2.08 0.43 45.54 <.0001 0.12 
FEMA[3] 1.30 0.39 14.29 0.00 3.67 
FEMA[5] 0.84 0.40 5.91 0.02 2.31 
Experience[1] 0.67 0.23 11.48 0.00 1.95 
High wind 
Intercept -2.74 0.48 49.00 <.0001 0.06 
FEMA[1] 0.96 0.57 3.88 0.05 2.62 
FEMA[2] 1.60 0.42 20.37 <.0001 4.93 
FEMA[3] 3.05 0.45 75.99 <.0001 21.18 
FEMA[9] 1.60 0.42 20.58 <.0001 4.93 
Experience[1] 0.69 0.25 10.29 0.00 2.00 
Own/Rent[1] 0.37 0.20 3.96 0.05 1.44 
Wildfire 
Intercept -3.18 0.57 66.49 <.0001 0.04 
Note: Est. = the estimate (logit), or log odds change in likelihood of underestimating risk for a given change in the 
predictor; SE = the standard error of the estimate; L-R ChiSquare = likelihood-ratio Chi-square test for the hypothesis that 
all regression parameters are zero; p = probability of obtaining a greater Chi-square value by chance alone if the specified 
model fits no better than the model that includes only intercepts. 
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APPENDIX B:  ADDITIONAL ANALYSES 
Correct perceptions of general natural hazard risk stratified by specific risk 
Table 20. Predictors of accurate perceptions of general hazard susceptibility 
Est. SE L-R ChiSquare p Odds Ratio 
Earthquake 
Intercept 1.23 0.36 21.53 <.0001 3.41 
FEMA[3] -0.67 0.35 4.42 0.04 0.51 
Own/Rent[1] -0.33 0.16 5.05 0.02 0.72 
Race/Ethnicity[1] 0.28 0.15 3.91 0.05 1.33 
Education[3] -0.72 0.39 5.11 0.02 0.49 
Flood 
FEMA[6] 0.99 0.33 10.74 0.00 2.68 
Experience[1] 0.52 0.15 14.92 0.00 1.68 
Age[2] 0.58 0.24 6.92 0.01 1.78 
Age[3] 0.61 0.25 6.96 0.01 1.84 
Age[4] -0.58 0.28 5.01 0.03 0.56 
High wind 
Intercept 0.68 0.36 4.93 0.03 1.98 
FEMA[1] -0.97 0.45 6.03 0.01 0.38 
FEMA[2] -0.63 0.33 4.78 0.03 0.53 
FEMA[3] -1.77 0.36 33.3 <.0001 0.17 
FEMA[7] 2.88 1.27 16.49 <.0001 17.77 
Experience[1] 0.27 0.14 3.91 0.05 1.31 
Education[5] 0.80 0.42 4.72 0.03 2.23 
Wildfire 
Intercept -0.73 0.30 7.88 0.01 0.48 
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FEMA[1] -1.32 0.64 6.59 0.01 0.27 
FEMA[9] 0.73 0.30 6.95 0.01 2.08 
Age[1] 0.82 0.37 5.58 0.02 2.26 
Note: Est. = the estimate (logit), or log odds change in likelihood of underestimating risk for a given change in the 
predictor; SE = the standard error of the estimate; L-R ChiSquare = likelihood-ratio Chi-square test for the hypothesis that 
all regression parameters are zero; p = probability of obtaining a greater Chi-square value by chance alone if the specified 
model fits no better than the model that includes only intercepts. 
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Table 21. Preparedness levels for homeowners and renters 
Homeowner Renter 
Action M SE M SE pa db 
Building safety (specific for 
earthquakes) 
3.04 0.078 2.86 0.109 .200 0.142 
Evacuation route/plans (specific for 
earthquakes) 
3.14 0.078 3.02 0.109 0.288 0.094 
Building safety (specific for floods) 3.36 0.072 3.10 0.102 0.026 0.219 
Evacuation route/plans (specific for 
floods) 
3.37 0.074 3.16 0.106 0.070 0.170 
Building safety (specific for high winds) 3.30 0.069 3.14 0.103 0.180 0.144 
Evacuation route/plans (specific for high 
winds) 
3.28 0.072 3.04 0.103 0.042 0.215 
Building safety (specific for wildfires) 3.18 0.076 2.97 0.107 0.122 0.172 
Evacuation route/plans (specific for 
wildfires) 
3.25 0.077 2.98 0.111 0.037 0.218 
Emergency supplies (specific for all 
hazards) 
3.39 0.070 3.10 0.106 0.019 0.247 
Financial reserve/savings (specific for 
all hazards) 
3.27 0.076 2.85 0.119 0.004 0.317 
Note. Responses provided on a scale from “1 - Completely Unprepared” to “5 – Completely Prepared.”  aSignificance 
calculated using Wilcoxon rank-sum tests. bEffect size calculated using Cohen’s d. 
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Table 22. Preparedness levels for female and male participants 
Female Male 
Action M SE M SE pa db 
Building safety (specific for 
earthquakes) 
2.77 0.087 3.23 0.091 0.000 0.353 
Evacuation route/plans (specific for 
earthquakes) 
2.93 0.089 3.30 0.089 0.002 0.286 
Building safety (specific for floods) 3.12 0.080 3.47 0.085 0.003 0.289 
Evacuation route/plans (specific for 
floods) 
3.15 0.086 3.48 0.085 0.010 0.261 
Building safety (specific for high winds) 3.14 0.082 3.38 0.080 0.059 0.198 
Evacuation route/plans (specific for high 
winds) 
3.09 0.083 3.36 0.083 0.023 0.227 
Building safety (specific for wildfires) 2.97 0.085 3.28 0.090 0.010 0.248 
Evacuation route/plans (specific for 
wildfires) 
3.06 0.089 3.29 0.090 0.085 0.171 
Emergency supplies (specific for all 
hazards) 
3.13 0.083 3.50 0.081 0.002 0.312 
Financial reserve/savings (specific for 
all hazards) 
2.94 0.094 3.38 0.086 0.001 0.339 
Note. Responses provided on a scale from “1 - Completely Unprepared” to “5 – Completely Prepared.”  aSignificance 
calculated using Wilcoxon rank-sum tests. bEffect size calculated using Cohen’s d. 
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APPENDIX C:  SUPPLEMENTAL INFORMATION 
Explanation of ratings in the Community Resilience Index (CRI) 
The full CRI may be accessed here:  
http://masgc.org/assets/uploads/publications/662/coastal_community_resilience_index.pdf 
Ratings for the individual resilience index were constructed in a similar manner as the Community Resilience 
Index.  The overall ratings, with explanation, for the CRI are shown below.  Users of the CRI answer questions 
in each section, then tallying “Yes” answers to determine their CRI. 
“Low Resilience Index. A low Resilience Index indicates that your community should pay specific attention to 
this category and should make efforts to address the areas of low rating.  If the critical infrastructure category 
received this rating, then reoccupation of your community may take more than 18 months before basic services 
are restored.”
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“Medium Resilience Index. A medium Resilience Index indicates that more work could be done to improve 
your Resilience in this category.  If the critical infrastructure category received this rating, reoccupation of your 
community may take less than 2 months before basic services are restored.” 
“High Resilience Index. A high Resilience Index indicates that your community is well prepared for a storm 
event.  If the critical infrastructure category received this rating, then the community probably will not suffer or 
will have minimal damage (can be functional in less than two weeks) to basic services.” 
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